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PREFACE TO FIRST EDITION 



This book is intended for those who are beginning the subject. 
For this reaaon, special care has been taken to select for treatment 
such compounds as beat serve to make clear the fundamental prin- 
ciples. General relations as illustrated by special cases are discussed 
rather more fully than is customary in books of the same size ; and, 
on the other hand, the number of compounds taken up is smaller 
than uanai. The author has endeavored to avoid dogmatism, and 
to lead the student, through a careful study of the facts, to see for 
himself the reasons for adopting the prevalent views in regard to the 
structure of the compounds of carbon. Whenever a new formula is 
presented, the reasons for using it are given so that it may afterward 
be used intelligently. It is believed that the book is adapted to the 
needs of all students of chemistry, whether they intend to foUovf 
the pure science, or to deal with it in its applications to the arts, 
medicine, etc. It is difficult to see how, witliout some such general 
introductory study, the technical chemist and the student of medicine 
can comprehend what is usually put before them under the heads 
of "Applied Organic Chemistry" and "Medical Chemistry," 

Without some direct contact with the compounds considered, it 
is impossible to get a clear idea regarding them and their changes. 
A course of properly selected experiments, illustrating the methods 
nsed in preparing the principal classes of coinjiounds, and the funda- 
mental reactions involved in their transformations, wonderfully facili- 
tates the study. The attempt has been made to give directions for 
such a course. More than eighty expeiimenta which could be per- 
formed in any chemical laboratory are described; and it is hoped 
that the plan may meet with approval. The time required to 
perform a fair proportion of these esperimenta is not great; and 
the results in the direction of enlarging, the student's knowledge 
of chemical phenomena, will, it is firmly believed, furnish a full 
compensation for the time spent. 
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The order in which the topics are taken up will be found to differ 
somewhat from that commonly adopted. Tiie object in view was, 
however, not to find a new method, but to find oiie which would 
bring out as clearly as possible the beauty and simplicity of the 
relations which exist between the different classes of carbon com- 
pounds. The reasons for the method used are given in the body 
of the book. 



PREFACE TO FOURTH REVISION. 

The important advances that have been made in the field of 
organic chemistry during the past few years have made a thorough 
revision of this book Tiecessary. The present edition gives the results 
of the revision. . The principal changes and additions will be found 
in the chapters dealing with the Sugars, Stereoisomerism, the Ditao 
Compounds, and the Terpenes. The treatment of the Aromatic 
Compounds is, in general, fuller than in the older editions. Although 
considerable has been added, the size of the volume has not been 
markedly increased, the diiference between the last edition and the 
present being only about fifty pages. In addition to the changes 
indicated above, minor changes have been made throughout, and 
the author believes that the book is now fully in harmony with the 
present state of organic chemistry. 



PREFACE TO FIFTH REVISION 

Advantage has been taken of the resetting of this book to make 
a number of changes that were called for, and the author believes 
that it has been much improved. lie gladly acknowledges his indebt- 
edness to Professor W. R. Orndorfl of Cornell University for many 
valuable suggestions. Pi-ofessor Orndorff has used the book for a 
number of years with large classes, and the author has reaped the 
benefit of his experience. 

Baltimork, August, 1909. 
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CHEMISTRY 

COMPOUNDS OF CARBON 



CHAPTER I 

IHTRODUCTIOn 

Is studying the compounds of carbon, one cannot f(ul to 
be struck by their lai^e number, and by the ease with which 
they undergo change when subjected to various influences. 
Mainly on account of the large number, though partly on 
account of peculiarities in their chemical conduct, it is custom- 
ary to treat of these compounds by themselves. At first. 
General Cliemiatry was divided into Inorganic and Organic 
Chemistry, aa it was believed that there were fundamental 
differences between the compounds included under the two 
heads. Those compounds which form the mineral portion of 
the earth were treated under the first head, while those which 
were found ready formed in the organs of plants or animals 
were the subject of organic chemistry. It was believed that, 
as the organic compounds are elaborated under the influence 
of the life process, there must be something about them which 
distinguishes them from the inorganic compounds in whose 
formation the life process has no part. Gradually, however, 
this idea has been abandooed; for, one by one, many of the 
compounds which are found in plants and animals have been 
made in the chemical laboratory, and without the aid of the 
life process. The first instance of the artificial preparation of 
an organic compound was that of urea. This substance was 
obtained by Wohler in 1828 from ammonium cyanate. When 
a water solution of the latter is evaporated on a water bath. 
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2 INTRODUCTION 

urea is deposited. Up to the time of Wdhler's discovery, the 

formation of urea, like tliat of otlier organic compounds, was 
thought to be necessarily connected with the life process; 
but it was thus shown that it could be formed without the 
intervention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potassium cariwnate; and, aa potassium cyanate 
can be made from the cyanide by oxidation, it follows that 
urea can be made from the elements. Finally, in 1856, Eerthe- 
lot succeeded in making potassium formate by passing carbon 
monoxide over heated potassium hydroxide; and in making 
acetylene, a compound, the composition of which is represented 
by the formula CjHj, by passing an electric arc between carbon 
poles in an atmosphere of hydrogen. Since that time, every 
year has witnessed the artificial preparation, by purely chemi- 
cal means, of compounds of carbon which are found in the 
organs of plants and animals. 

It hence appears tiat the formation of the compounds of 
cari}on is not dependent upon the life process ; that they are 
simply chemical compounds governed by the same laws that 
govern other chemical compounds; and the name, Ch-ganic 
Chemistry, signifying, as it does, that the compounds included 
under it are necessarily related to orgauisms, is misleading. 
Organic chemistry Is nothing but the Chemistry of the Com- 
pounds of Carbon. It is not a science independent of inorganic 
chemistry, but is just as much a part of chemistry aa the 
chemistry of the, compounds of sodium, or of the compounds 
of silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 
objected to as being too broad. Strictly speaking, this title 
includes the carbonates, and it is customary to treat of these 
widely distributed substances under the head of Inorganic 
Chemistry. Most books on Inorganic Chemistry also deal 
with some of the simpler compounds of carbon, such as the 
oxides, cyanogen, marsh gas, etc. 
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SOURCES OF COMPOUNDS 3 

This objectioti is of weight only as far as the carbonates 

are concerned, and it does not appear strong enough to make 
the introduction of a, new nanie uecesaary. It should be men- 
tioned, however, that the name Chemintry of the Hydrocarbons 
and their Derioaticea has been suggested. The exact signiti- 
cance of this name will appear when the compounds with 
which we shall have to deal come up for cons id station. 

Sources of compounds. — The compounds of carbon ate, 

for the most part, made in the laboratory; but in preparing 
them we usually start with a few fundamental compounds 
that are formed by natural ptocesses. A large number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other substances, 
Others, such as urea, uric acid, albumin, etc., occur in animal 
organisms. Petroleum, which has been formed in nature by 
processes, the exact nature of which has not yet been satis- 
factorily explained, contains a large number of compounds con- 
sisting of only carbon and hydrogen; and these compounds 
serve as the starting-points in the preparation of a large num- 
ber of derivatives. When coal is heated for the purpose of 
manufacturing illuminating gas, a very complex mixture of 
liquid and solid products is obtained as a by-product, known 
as (x>al tar. This substance yields some of the most valued 
compounds of carbon. A larger number of the compounds of 
carbon are obtained from this than from any other one source. 
When bones are heated in the manufacture of bone-black, an 
oil known as bone-oil is obtained. This also has proved to be 
the source of a large number of interesting compounds. In 
the preparation of charcoal by heating wood, the liquid prod- 
ucts are generally coiidensed, and they form the soui-ce of 
several important compounds, among which may be mentioned 
wood ^irit or methyl alcohol, acetone, and pyroUgneous or 
acetic add. 
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4 INTRODUCTION 

Finally, we are dependent upon the process known as fer~ 
mentation for A number of the most impoi'tant compounds of 
carbon. Fermentation, as will be shown, is a general term, 
signifying any process in which a change in the compositioa 
of a body is effected by means of minute animal or vegetable 
organisms. The best known example of fermentation is that 
of sugar, which gives rise to the formation of ordinary alcohol. 
Alcohol in turn serves as the starting-point for the preparation 
of a large number of compounds. 

Purlfloation of the compounds. — Before the natural 
compounds of carbon can be studied chemically, they must, of 
course, be freed from foreign subatanees ; and before the con- 
stituents of the complex mixtures, petroleum, coal tar, and bone 
oil can be studied, they must be separated and purified. The 
processes of separation and purification are, in many cases, 
extremely difficult. If the substance is a solid, different 
methods may be used according to the nature of the substance. 
CrystalHzaiion is more frequently made use of than any other 
proc«BS. This is well illustrated, on the large scale, in the 
refining of sugar, which consists, essentially, in dissolving the 
sugar in water, filtering through bone-black, which absorbs 
coloring matter, and then evaporating down to crystallization. 
When two or more substances are found together, they may, in 
many cases, be separated by what is called fractional cryntallizor 
Hon. This consists in evaporating the solution until, on cool- 
ing, a comparatively small part of the substance is deposited. 
This deposit is filtered off, and the solution further evaporated ; 
when a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then recrystallized, each 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are water, alcohol, ether, petroleum 
ether, benzene, and carbon bisulphide; alcohol being the one 
most generally applicable. 
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PUBIFICATION OP THE COMPOUNDS 5 

In the case of liquids, the process of distillation is used. 
The apparatus commonly used is illustrated in Fig. 1, 



The only part of the apparatus that requires explana- 
tion is the tube A. This is tiiown as the distilling tube. 
It is simply a straight glass 
tube, about 1C"° long and 12 to 
14""" in diameter, to which is 
attached a smaller branch some- 
what inclined downward. The 
object of the tube is to accom- 
modate a thermometer B, which 
is so fixed by means of a cork, 
that it is in the centre of the 
larger tube, and its bulb directly 
below the opening of the smaller 
branch. 

Forsmall quantities of liquids, 
the distilling flask is much used. This is a long-necked, round 
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6 INTEODUCTION, 

flask, with a branch tube fitted diiectly to the neck, as shown 
in Fig. 2. In this apparatus, the thermometer is fltted into 
the neck of the flask in the same relation to the exit tube as 
in the larger apparatus. 

For the separation of liquids of different boiling-points, the 
process of fractional or partial distillation, is much used. When 
a mixture of two or more liquids of different boiling-points is 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest 
Thus, ordinary alcohol boils at 78°, and water at 100°, If the 
two are mixed, and the mixture distilled, it will be found that 
it begins to boil at 78°, but that very little passes over at 
this temperature. Gradually, as the distillation proceeds, the 
temperature indicated by the thermometer becomes higher and 
higher, until at last 100° is reached, when all distils over. 
Now the distillates obtained at the different temperatures 
differ from each other in composition. Those obtained at the 
lower temperatures are richer in alcohol than those obtained 
at the higher temperatures, but none of them contains pure 
alcohol or pure water. In order to separate the two, therefore, 
we must proceed as follows : A number of clean, dry flasks ai'O 
prepared for collecting the distillates. The boiling is begun, 
and the point at which the first drops of the distillate appear 
in the receiver is noted. That which passes orer while the 
mercury rises through a certain number of degrees (3, 6, or 10, 
according to the character of the mixture) is collected in the 
first flask. The receiver is then changed, without interruption 
of the boiling, and that which passes over while the mercury 
rises through another interval equal to the first is collected in 
the second flask. The receiver is again changed, and a third 
distillate collected; and so on, until the liquid has all been dis- 
tilled over. It has thus been separated into a number of frac- 
tions, each of which has passed over at different temperatures. 
In the case of alcohol and water, for esample, we might have 
collected distillates from 78° to 83°, from 83° to 88°, from 88° 
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to 93°, from 93° to 98°, from 98° to 100°. Kow a clean dis- 
tilling flask is takeD, and into this the flrst fraction is poured. 
This is distilled until the thermometer marks the upper limit 
■ of the original first fraction (83°), the new distillate being col- 
lected ill the flask which contained the first fraction. Wlien 
this upper limit is reached, the boiling is stopped. Some of 
the liquid is left in the distilling flask. That is to say, assum- 
ing that in the flrst distillation the first fraction was collected 
between 78° and 83°, on boiling this fraction the second time 
it will not all come over between these points ; when 83° is 
reached some will be left in the flask. The second, fraction is 
now poured into the distilling flask through a funnel-tube, and 
the boiling is again stai-ted. Of the second fraction, a portion 
will pass over below the point at which it began to boil (83°) 
when first distilled. Collect in the proper flask, and continue 
the boiling until the thermometer marks the highest point of 
the fraction last introduced, changing the receiver whenever 
the indications of the thermometer require it. Now stop the 
boiling, and pour in fraction No. 3, and so on until all the 
fractions have been subjected to a second distillation. On 
examining the new fractions, it will be found that the liquid 
tends to accumulate in the neighborhood of certain points cor- 
responding to the boiling-points of the constituents of the 
mixture. The distilling flask is now cleaned, and the whole 
process repeated, A further separation is thus effected. By 
continuing the distillation in this way, pure substances can, in 
most oases, eventually be obtained. That the fractious are 
pure can be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected by 
means of fractional distillation ; as, for example, in the case of 
alcohol and water. But still it is valuable, even in such cases, as 
it makes it possible to purify the substances, at least partially. 
Various devices have been introduced for the purpose of ren- 
dering the process of fractional distillation more rapid and 
more efficacious. One of these that has been extensively used 
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with good results is the Hempel tube. This is " a wide ver- 
tical tube, fiiled with glass beads of special construction, and 
constricted below to prevent the beads falling out. A short, 
narrower, vertical with side delivery tube is- fitted by means of ■ 
an ordinary cork into the wide tube." ' The wide vertical tube 
is fitted into the stopper of the distilling flask. 

The best examples of distillation carried on on the large 
scale are those of alcohol and petroleum. Probably the best 
example of fractional distillation is that of the light oil 
obtained from coal tar. 

This process is carried on in the so-called "column stills," of 
Tvhieh there are several varieties. Some of them are very 
efficient.' 

Experiment 1. Mix equal paits (about half a litre of each) of alco- 
hol and water. Diatil through four or five times, and notice the changes 
in the qitantitiea obtained in the difierent fractiona. 

Determination of the boiling-point. — In dealing with 
liqtuds, it often is extremely difficult to tell whether they are 
pure or not. The first and most important physical prop- 
erty utilized for this purpose is the boiling temperature, 
commonly called the boiling-point. This is determined by 
means of an apparatus, such as is described above as used for 
distilling. The temperature noted on the thermometer when 
the liquid is boiling is the boiling-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for making these corrections can be found in 
larger books. A pure chemical compouud always has a con- 
stant boiling-point under the same barometric pressure. On 
the other band, a constant boiling-point does not necessarily 
indicate a pure compound. 
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Determination of the melting-point. — Just as the boil- 
ing-point is a, very characteristic property of liquid bodies, so 
the meUing-point is an equally characteristic property of many 
solid bodies. If a substance begins to melt at a certain tem- 
perature, and does not melt completely at that temperature, it 
is, in all probability, impure. By meaos of the melting-point 
minute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with 
the compounds of carbon, determinations of melting-points 
are very frequently made. A pure chemical compound has 
a constant melting-point. The determination is made as 
follows: Small tubes are prepared by heating a piece of ordi- 
nary soft glass tubing of 4""" to 5""" diameter, and drawing it 
out. If the parts are drawn apart about 12™ to 
IS"™, two small tubes may be made from the nar- 
rowed portion by melting together in the middle, 
and then filing off each piece where it begins to 
grow wider near the large tube. These small 
tubes must have thin walls, and be of such inter. 
' nal diameter that an ordinary pin can be intro- 
duced into them. A small quantity of the sub- 
stance to be tested is placed in one of the tubes, 
enough to make a miuute column of about 5™" in 
heiglit. The tube containing the substance is 
fastened to a thermometer by means of a small 
rubber band or by fine platinum wire. The band 
is placed near the upper part of the tube, and the 
lower part of the tube, containing the substance, 
is placed against the bulb of the thermometer. '^' 

The thermometer bulb is now immersed in a small glass flask 
containing pure sulphuric acid (see Fig. 3), The sulphuric 
acid is gently heated by a small flame until the substance 
melts. 

A convenient form of apparatus for determining melting-points 
consists of a tube about 2"" wide and 12™ long, to which a side 
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tube of 1™ diameter is so fused that it connects the lower end of 
the main tube with the middle (see Fig. 4). Just enough 
sulphuric acid is put into it to close the'uppet 
end of the side tube. The thermometer is placed 
HO that the bulb is midway between the two 
openings of the side tube. On heating the tube 
at the point A, the sulphuric acid begins to circu- 
late in the apparatus in such a way that it pauses 
downwards in the main tube. The instant the 
substance melts the temperature indicated by the 
'"' " thermometer is noted. This is the melting-point 

required. It is necessary, however, to correct the observed 
point in the same way as in the case of the boiling-point. 

Experinient 2. Determine the melUng-poInta of a few substances, 
Buch as urea and tartaric acid. If thej do not melt at definite points, 
recrystallize them until they do. Note tbe melting-points obHerved, and 
see how well they agree with those stated in the book. Tbe merouiy of 
tlie thermometer should rise slonlj. 

Anal7ei8. — Having purified the compounds, the next step 
is to determine their compositiou. A comparatively small - 
number of the compqunds ordinarily met with consist of car- 
bon and hydrogen only; the largest number consist of these 
two elements together with oxygen; many contain carbon, 
hydrogen, oxygen, and nitrogen. But, in the derivatives of the 
fundamental compounds, all other elements may occur. Thus 
the hydrogen may be partly or wholly replaced by chlorine, 
bromine, or iodine, as in the so-called substitution-products; 
and any metal may occur in the salts of the acids of carbon. 
The estimation of carbon and hydrogen is the principal prob- 
lem in the analysis of the compounds of carbon. This is 
effected by what is known as the combustion process. A known 
weight of the substance is completely oxidized, the carbon 
being thus converted into carbon dioxide, and the hydrogen 
into water. These two products are collected, the water in 
calcium chloride, the carbon dioxide in a solution of potassium 
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hydroxide, and ■weighed. From the weights of the products 
the weights of carhon and hydrogen and the percentages are 
calculated. The percentages are added together and the sum 
subtracted from 100. The difference ia the percentage of 
oxygen. 

A detailed description of the apparatus and of the method 
of procedure need not be given here, as it can be found in any 
book on. analytical chemistry. A brief description, however, 
may not be out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gas furnace con- 
structed for the purpose. ' Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a boaX, which 
is' introduced into the tube with granulated copper oxide. 
The tube is then connected with (1) a U-tube filled with cal- 
cium chloride; (2) a set of bulbs containing a solution of 
potassium hydroxide, and constructed so as to secure thorough 
contact of the passing gases with the solution ; and (3) a small 
U-tube half filled with solid potassium hydroxide, and the 
other half with calcium chloride. During the combustion, a 
current of pure dry oxygen is passed through the tube; and, 
finally, air is passed until the oxygen is displaced. The 
method at present used was devised by Liebig. It has con- 
tributed very greatly to our knowledge of the compounds of 
carbou. 

Two methods are in common use for the estimation of nitro- 
gen in cai'bon compounds. The first is known as the absolute 
method. This consists in oxidizing the substance by means of 
copper oxide; then decomposing, by means of highly-heated 
metallic copper, any oxides of nitrogen which may have been 
formed, and collecting the nitrogen. The volume of the nitro- 
gen thus obtained is measured, and its weight easily calculated. 
The chief difficulty in this method consists in removing the 
air contained in the apparatus before the combustion is made. 
The simplest way is to pass pure carbon dioxide through the 
apparatus until the gas that passes out is completely absorbed 
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by caustic potash. The combustion is then made by heating 
the tube containing the substance and copper oxide and a layer 
of copper foil or wire gauze; and, finally, carbon dioxide is 
again passed through at the end of the operation. The only 
three gases that can be present, assuming that the substance 
contained nothing but carbon, hydrogen, oxygen, and nitro- 
gen, are carbon dioxide, water vapor, and free nitrogen. The 
water vapor is, of course, condensed, and the carbon dioxide is 
absorbed by passing the gases through a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

The method now most extensively used is that devised by 
Kjeldahl. This consists in heating the substance with con- 
centrated sulphuric acid, potassium sulphate, and a little cop- 
per sulphate or mercury. By this means all the nitrogen 
contained in the substance under examination is converted 
into ammonia, which, of course, unites with the sulphuric 
acid. The ammonia is set free by the addition of sodium 
hydroxide, and is estimated by absorption in standard acid. 

In regard to the estimation of other constituents of carbon 
compounds, it need only be said that in most cases it is neces- 
sary to get rid of the carbon and hydrogen by some oxidizing 
process before the estimation can be made. Thus, in estimat- 
ing sulphur, it is custojnary to fuse the substance with potas- 
sium nitrate and hydroxide, when the carbon and hydrogen 
are oxidized, and the sulphur is left in the form of potassium 
sulphate, and can be estimated in the usual way. 

Formula. — The deduction of the formul of a ompo nd 
from the results of the analysis involves t t [ TI e h t 
is a matter of simple calculation. It is ass n 1 t1 at t dents 
who use this book are already familiar \ th the n ethod of 
calculating the formula from the analytical ults but n 
example will, nevertheless, be given. Su] ] o e that the 
analysis has shown that the substance eonta ns 6 1*4 p ent 
carbon, 13.04 per cent hydrogen, and 34.78 [je ce t o gen 
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To get the atomic proportions, divide the figures representing 
the percentages of the elements hy the corresponding atomic 
weights. We have thus : — 

PflrrenUsa At. Wt. Relatlye Ni>. of Atoms 

C 52.18 -*- 12 = 4.3.7 - 2 

H 13.04 -H 1 = 13.04 - 6 

34.78 -f- 16 = 2.17 - 1 

That 13 to say, accepting the atomic weights, 12 for carbon and 
16 for oxygen, the simplest figures representing the number of 
atoms of the three elements in the compound are 2 for carbon, 
6 for hydrogen, and 1 for oxygen. According to this, the 
simplest formula that can be assigned to a substance giving 
the above results on analysis is CaHsO, But the formula 
C4H]jOs is equally in accordance with the analytical results, 
and we can only decide between the two by determining the 
molecular weight. This is done by determining the specific 
gravity of the substance in the form of vapor. It is assumed 
that the student, who has already studied the elements of 
inorganic chemistry, is familiar with the methods used in 
determining the specific gravity of vapors, and with the con- 
nection that exists between the specific gravity and the molec- 
ular weight of the compound. A few statements in regard 
to the connection will, however, be made here, in order to 
impress upon the mind of the student its fundamental 
importance. 

Every chemical foi-mula is intended to represent the mole- 
cule of a compound and the composition of the molecule. Our , 
conception of the molecule is based almost exclusively on 
Avogadro's hypothesis, according to which equal volumes of 
all gases contain the same number of molecules under the same 
conditions of temperature and pressure. Hence, by comparing 
equal volumes of bodies in the form of gas or vapor, we get 
figures which bear to each other the same relations as the 
weights of the molecules. The figures called the spedfc gravi- 
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ties express the relations between the weights of equal rolumes. 
In the case of gases, air is taken as the standard, and the 
weights of other gases are compared with this standard. Thus, 
if we say that the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any Tolume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure ia 0.918. If we assign to any com- 
pound a certain molecular weight, the molecular weights of other 
gaseous compounds can be determined without difBculty. We 
must, therefore, first select some substance, the molecule of 
which may be used as the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other in only one proportion, and there is good evidence 
in favor of the view that it represents the simplest kind of 
combination, viz., that of one atom of one element with one of 
another. Hydrogen ajid chlorine are present in the compound 
in the proportion of 1 part by weight of hydri^en to 35.4 parts 
by weight of chlorine; hence the simplest molecular weight 
that can be assigned to the compound, the atomic weight of 
hydrogen being 1, is 36.4. The molecular weight of this 
standard molecule is, therefore, taken to be 36.4, and we have 
now simply to compare the weights of other gases with that 
of hydrochloric acid in order to know their molecular weights. 
Thus to illustrate by means of the compound whose atomic re- 
lations we found by analysis to Ije represented by the formulas 
CjHgO, CiHiaOj, ete. If this compound is converted into vapor 
and its specific gravity determined, it might be found to be 
1.6. The relation between the molecular weight of any body 
and its specific gravity is expressed by the equation 

Jtf=dx 28.87, 
in which 3f is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As d is 1,6 in 
the case under consideration, we have 

M (the unknown molecular weight) = 1.6 X 28.87 = 46.2. 
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If the formula of tlie compound is CgHgO, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2x12 + 6x1 + 16=: 46, 
which agrees with the figure deduced from the specific gravity. 
It therefore follows that the formula CjHaO is correct. 

The molecular weight of an acid can he determined by 
analyzing its salts. To illustrate this tahe acetic acid. This 
is a monobasic acid, that is to say it gives but one silver salt 
and contains but one replaceable hydrc^en atom. Now analysis 
of acetic acid shows that it has the composition represented by 
the formulas CHjO, CjHiOj, CaHgOj, etc. The analysis of the 
silver salt shows that it must be represented by the formula 
CaHjOjAg and not CHOAg, and hence the molecular formula 
of acetic acid is CjH^O, and not CHjO. 

By determiniug the Imiling-poiuts and by determining the 
freezing-pointa of solutions it is possible to determine the 
molecular weights of many compounds of carbon. This is 
due to the fact that, in the ease of any given solvent, weights 
of different compounds of carbon bearing to one another the 
same relation as their molecular weights cause the same ele- 
vation of the boiling-point of the liquid and the same depres- 
sion of the freezing-point. The details of these methods cannot 
be given here. 

Structural formula. — The formulas C,H^, C,HiO„ Cj,H„ 
etc., tell us simply the composition of the three compounds 
represented, and tell us also the weights of their molecules. 
In studying the chemical conduct of these compounds, their 
decompositions, and the modes of preparing them, we become 
familiar with many facts which it is desirable to represent by 
means of the formulas. Thus, for example, but one of the four 
atoms of hydrogen represented in the formula of acetic acid, 
CjHjOa can be replaced by metals. It plainly differs from the 
three remaining atoms, and it is natural to conclude that it is 
held in the molecule in some way differently from the other 
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three. We may, therefore, write the formula CiHsOj.H, which 

is intended to call attention to this difference. By further 
study of acetic acid, we find that the particular hydrogen, 
which gires to it acid properties, and which, in the above 
formula, is written by itself, is intimately associated with 
oxygen. It can be removed with oxygen by simple reactions, 
and the place of both taken by one atom of some other ele- 
ment, as, for example, chlorine. Thus, when acetic acid is 
treated with phosphorus trichloride, PCIj, it is converted into 
acetyl chloride, CaHsOCl. The result of the action is the 
direct substitution of one atom of chlorine for one atom of 
hydrogen and one atom of oxygen in acetic acid, a fact which 
points to an intimate connection between the hydrogen and 
oxygen in the acid. Further, when acetyl chloride is heated 
with water, acetic acid is regenerated, hydrogen and oxygen 
from the water entering into the place occupied by the chlo- 
rine, as represented in this equation : — 

CaH,OCl + HjO = C2H,0j-|-HCl. 

From facts of this kind the conclusion is drawn that in acetic 
acid hydrogen and oxygen are connected; or, as it is said, linked 
together; and this conclusion is represented in chemical lan- 
gu^e by the formula OjHjO.OH, which may serve as a simple 
illustration of what are called structural or constitutional for-, 
mulas. In all compounds the attempt is made, by means of a 
thorough study of the conduct of the compounds, to trace out 
the connections existing between the constituent atoms. When 
this can be done for all the atoms contained in a molecule, the 
structure or constitulion of the molecule or of the compound is 
said to be determined. The structural iormulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who understands the language in which they are written to see 
relations which might easily escape his attention without their 
aid. In order to understand them, however, the student must 
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have a knowledge of the reactions upon which they are baaed; 
and he is warned not to accept any chemical formula unless he 
can see the reasons foe accepting it. He should ask the ques- 
tion, upon w/mx( facts ia it based f whenever a formula is pre- 
sented for the first time. If he does this conscientiously, he 
will soon be able to use the language intelligently, and the 
beauty of the relations that exist between the large number 
o£ compounds of carbon will be revealed to him. If he does 
not, his mind will soon be in a hopeless muddle, and what he 
learns will be of little value. For the beginner, this advice is 
of vital importance : Stud;/ with great care the reactions of com- 
ponnds; study the methods of making them, and the decomposi- 
tions which they undergo. TJie foi-mulas arv but tJie coiidenseU 
expressions of the conclusions which are drawn front the reactions. 

(General principle of classi&Gation of the compounds 
of carbon- — In considering the elements and compounds in- 
cluded under the head of Inorganic Chemistry, the fundamental 
substances are, of course, the elements. The properties of the 
elements enable us to separate them, for study, into a numl>er 
of gi'oups; as, for example, the chlorine group, including 
bromine, iodine, and fluorine; the oxygen group, in which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, let us take the chlorine group. 
In studying the members of this group, there ia found great 
similarity in their properties. Their hydrogen compounds 
next present themselves, and here the same similarity is met 
with. Then, in turn, the oxygen and the oxygen and hydrogen 
compounds are considered, and i^in the resemblances in 
properties between the corresponding compounds of chlorine, 
bromine, and iodine are met with. We thus have groups of 
elements, and of the derivatives of these elements, as, — 

CI CIH CIO3H 

Br BrH BrOaH 

I IH IO3H, etc. 
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Of course, the chlorine group is quite distinct from the oxygen 
group aud from all other groups; and each member of the 

chlorine group is, at least so far as we know, quite independent 
of the other members. We caunot make a bromine compound 
from a chlorine compound, nor a chlorine compound from a 
bromine compound, without directly substituting the one ele- 
ment for the other. 

Now, when we come to study the compounds of carbon, we 
shall find that the same general principle of classification is 
made use of; only, in consequence of the peculiarities of tha 
compounds, the system can be carried out much more perfectly ; 
the members of the same group can be transformed one into 
the other, and it is also possible to pass from one group to 
another by means of comparatively simple reactions. 

The simplest compounds of carbon are those which contain 
only hydrogen and carbon, or the hydrocarbons. All the other 
compounds may be regarded as derivatiyes of the hydrocarbons. 
To begin with, there are several groups or series of hydrocar- 
bons, which correspond somewhat to the different groups of 
elements. The members of one and the same series of hydro- 
carbons resemble one another more closely than the members of 
one and the same series of elements. Although we have indica- 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of these but two include more than two or three members that 
need to be treated of in this book. 

Starting with any series of hydrocarbons, several classes of 
derivatiTes can be obtained by treating the fundamental com- 
pounds with different reagents. The chief classes of these 
derivatives are: (1) those containing halogens; (2) those con- 
taining oxygen, among which are the acids, alcohols, ethers, etc. ; 
(3) those containing sulphur; and (4) those containing nitrogen. 
Corresponding to every hydrocarbon, then, we may expect to find 
representatives of these different classes of derivatives. But the 
relations existing between any hydrocarbon and its derivatives 
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are the same as those existing between any other hydrocarbon 
and its derivatives. Hence, if we know what derivatives one 
hydrocarbon can yield, we know what derivatives we may expect 
to find in the case of every other hydrocarbon. The student 
who, for the first time, undertakes the study of the chemistry 
of the compounds, is apt to feel overwhelmed by the enormous 
number of compounds described in the book or by the lecturer. 
This large number is really not a serious matter. No one is 
expected to become acquainted with every compound. A great 
many of these need only be referred to for the purpose of iudicat- 
lug the extent to which the series to which they belong have been 
developed. In general, the members of any series so closely 
resemble one another, that, if we understand the simpler mem- 
bers, we have a fair knowledge of the more complicated members. 

It is proposed, in this book, to treat only of the more im- 
portant compounds and the more important reactions, the 
object heing rather to give a clear, general notion of the subject 
than detailed information regarding particular compounds. 
Should the student desire more specific information concerning 
the properties of any of the compounds mentioned, he can 
easily find it in some larger book. It will, however, hardly 
be profitable for him, at the outset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
is so important he should g^n as quickly as possible. 

The plan that will be followed is briefly this: Of the first 
series of hydrocarbons (mjo members will be treated of. Then 
the derivatives of these two will he taken up. These deriva- 
tives will serve admirably as representatives of the correspond- 
ing derivatives of other hydrocarbons of the same series, and of 
other series. Their characteristics and their relations to the 
hydrocarbons will be dwelt upon, as well as their relations to 
each other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of the 
principalclassesof the compounds of carbon. After these typical 
derivatives have been discussed, the entire series of hydrocar- 
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bons will be taken up briefly, only such facta being dealt with 
at all fully as are not illustrated by the fiist two members. 

After the first series has been studied in this way, and a 
clear idea of the relations between the various classes baa been 
obtained, a second series will be taken up and treated in a 
similar way, and so on. But, as already stated, only a few 
of the series require much attention at the beginning. The 
first series that will be used for tbe purpose of illustrating the. 
general principles is one of the two most important series, and 
of the only two that need be taken up at all fully at present. 
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CHAPTER II 

HETHAKE AND ETHANE — HOHOLOGODS SERIES 

If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their properties, 
we should find that a large number of them resemble marsh gas 
in their general conduct Some of the points of resemblance 
are these : They are very stable, resisting with marked power 
the.action of most reagents ; and nothing can be added to them 
directly, — if any change takes place in them, hydrogen is first 
given lip. On arranging these substances according to the 
number of carbon atoms contained in them, we have a remark- 
able series, the 6rst six members of which, together with their 
formulas, are included in the subjoined table ; — 

Methane (or Marsh Gas) . . . . CH, 

Ethane CsH, 

Propane CaHg 

Butane C^Hm 

Pentane CsHj, 

Hexane CbHh 

On examining the formulas given, it will be seen that the dif- 
ference in composition between any two consecutive members 
is represented by CHj, Thus, adding CHj to marsh gas, CH„ 
we get ethane, CjIIa j adding CHj to GjHa, we get CjIIa, and so 
on, at each successive step. Any series of this kind, in which 
the successive members increase in complexity by CHj, is 
called an homologous series. 

Just as the members of an homologous series of hydrocarbons 
differ from one another by CHj, or some multiple of it, so 



bv Google 



22 METHANE AND ETHANE 

also the members of any class of derivatives ot these hydro- 
carbons differ from one another in the same way, and form 

homologous seriea. Thus, running parallel to the hydrocarbons 
mentioned above, there are two homologous seriea of oxygen 
derivatives, as indicated below : — 

CH^ -CH^O -CHA 

CaH, - CsH,0 - C,H*0, 

CjH, - CjHgO - CgHeO, 

C,H,„ - C4H,bO - C,H A 

C,H,i - C,H„0 - CjHioO, 

CJIh - C„H„0 - CbH^Oi 
The relation observed between the members of the homologous 
series mentioned is by no means a peculiarity of the marsh 
gas seriea of hydrocarbons and of their derivatives, but is 
observed in the case of all other series of hydrocarbons and 
their derivatives. 

Strictly speaking, there is perhaps no -analogy for this re- 
markable fact among the elements and their compounds, yet 
facts which suggest analogy are known. Consider, for example, 
the chlorine seriea. We have 

Chlorine, Tvith the atomic weight, 35.4. 
Bromine, " " " 80, 

Iodine, " " « 127. 

As is well known, the difference between the atomic weights ot 
chlorine and bromine is approximately equal to the difference 
between those of bromine and iodine. In other words, there is 
a regular increase in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the atomic - 
weights of these similar elements, just as there is a regular 
increase in the molecular weights of the similar members of an 
homologous series. While, however, a satisfactory hypothesis 
has been offered to account for the latter fact, and experi- 
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mental evidence is strongly in favor ot the hypothesis, no satis- 
factory explanation of the former has been offered ; oc rather 
HO satisfactory experimental evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forwai-d to account for the similarity between members 
of the same group of elements. 

The view at present held in regard to the nature of homology 
is founded, primarily, upon the idea that carbon is quadrivalent. 
If carbon ia quadrivalent, it of course follows that the com- 
pound, marsh gas, Clio is saturated ; that ia, the molecule 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of cai'bon in the molecule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of union 
taking place directly between the molecules CH, and CH^, but 
we can conceive of union taking place between the molecules 
CH, and CHa, to form a molecule CjHj, which in turn is satu- 
rated. Representing graphically what is believed to take 
place, we have, first, marsh gas, which we may represent thus, 
H 

H— C— H. If this loses one atom of hydr<^eD, we have the 

I H 

H I 

unsaturated residue H— C— , which is capable of uniting with 

H 

another residue of the same kind to form the, more complex 
H H 

molecule H— C-C— H, or CjH^, which is believed to express 

H H 
the relation existing between marsh gas, CH^, and ethane, C^Ha 
or between any two adjoining members of an homologous series. 
The evidence in favor of this view will be presented when the 
reactions by means of which the hydrocarbons are made 
are discussed. The explanation offered, and now generally 
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accepted, involvea the idea that carbon atoms have the power 
of uniting witli each other. And, as the explanation for the 
relation between the first and second members is, in principle, 
the same as for the relation between the second and third, the 
third and fourth, etc., it appears that this power of carbon atoms 
to unite with one another is very exteusive. It is to the power 
which carbon possesses of forming homologous series, or to the 
power of the atoms of carbon to unite with each other, that we 
owe the large number of compounds of this element. 

Methane, marsh gas, fire damp, GH,' — This hydro- 
carbon is found rising from pools of stagnant water in marshy 
districts. If a bottle is filled with water and inverted with a 
funnel in its neck in such a pool, some of the gas can be col- 
lected by holding the funnel over the bubbles rising from the 
bottom. It is also found in large quantities mixed with air, 
in coal mines, and sometimes issues from the earfh, together 
with other gases, in the neighborhood of petroleum wells. It 
is a constituent of natural gas. 

It can be prepared 

(1) By treating aluminium carbide, C^A]^ with water : — 

C,AU + 12 HsO = 3 CH, + 4 Al (OH)^. 

(2) By passing hydrogen over a mixture of nickel and carbon. 

(3) By reduction of cai-bon monoxide or dioxide with calcium 
hydri de. " 

(4) By heating finely-divided carbon with calcium hydride. 

(5) By direct combination of carbon and hydrogen at 1150°. 
It is formed, as its occurrence in marshes indicates, by the 

decomposition of organic matter under water. In pure condi- 
tion it is made most readily by heating a mixture of sodium 
acetate and soda-lime : — 

NaCi,H,0, -J- NaOH = CH, + Na,CO». 
It will he shown hereafter that most acids of carbon break up 
in a similar way, yielding a hydrocarbon and a carbonate. 
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Properties. Marsh gas is colorless and inodorous. It is 
slightly soluble in water, but not so much so as to prevent its 
collection over water. It burns. Its mixture with air often 
explodes when a flame is applied. This mixture is the cause 
of some of the exploaions in coal mines. In ordinary language 
it is known as fire damp. The explosion is due to the rapid 
combustion of the marsh gas. The products are carbon dioxide 
and water : — 

CH, + 2 0j=CO, + 2HiO. 

Carbon dioxide is biiown to the miner aa choke damp. 

The most common cause of explosions in coal mines Is coal 
dust. The explosion is, in fact, an extremely rapid combustion 
giving carbon monoxide and dioxide. 

I!xperlment 3. Make marsh gas. Debydrace some sodiuin acetate 
by heating it in a porcelain dish on wire gauze over a Bmall flame. Use 
lOi of sodium acetate and 20i of powdered soda-lime. Collect the gm 
over wal«r. Bum some aa it escapes from a jet. In small quantities it 
does not readily explode with air. 

Reagents, in general, do not act readily upon marsh gas. 
Chlorine in diffused daylight gradually takes the place of the 
hydrogen, forming a series of compounds which will lie treated 
of under the head of the halogen derivatives of methane. The 
simplest of them has the composition represented by the 
formula CHjCl, and is known as chlor-methane or methyl 
chloride. 



Ethane, CjHa- — Ethane rises from the earth from some of 
the gas wells in the regions in which petroleum occurs. It is 
also found dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CHjCl. As the cor- 
responding iodine derivative is less volatile, it is used. This 
iodo-methane, CH3I, is treated with zinc or sodium in some 
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neutral medium, as, for example, anhydrous ether. The reac- 
tion which takes place is represented thus : — y^ 

CH,I + CHal + 2 Ka = CsH^ + 2 Nal . ^ 

This method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well adapted to 
showing the relations between the substances formed and the 
simpler ones from which they are made. 

An operation of the kind involved in the above-mentioned 
preparation of ethane is called a syntJiesis. The essential 
feature of the synthesis is the formation of a more complex 
substance from simpler ones. Our knowledge of the structure 
of the compounds of carbon is largely dependent upon the use 
of various methods of synthesis. For example, in the case 
under consideration, the synthesis gives us at once a clear view 
of the relations between ethane and methane, and also suggests 
that homology may be due to similar relations between the 
successive members of the series, — a view which is fully con- 
firmed by the synthetical preparation of the higher members. 
A similar method of synthesis has been used in the preparation 
. of tetrathionic acid from sodium thiosulphate. The action is 
represented thus : — 

Jfa^Al 

Na,SAj "^'"'"NaSA' 

Two mul. inlluui 



v 
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HAIXKJEN DERIVATIVES OF HETHANE AITD ETHAKE 

Substitution. — Wlien methane and chlorine are brought 
together in difEused daylight, action takes place gradually; 
hydrochloric acid gas ia given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is jep- 
resented by the formulas CHjCl, CHsCl„ CHClj, and CCI4. 
"We see thna that the action of chlorine consists in replacing, 
step by step, the hydrogen of the hydrocarbon. The action is 
represented by the four equations : — . 

(1) CH, + CI2 = CHgCl + HCl ; 

(2) CHaCl +Cl2 = CH,Clj-|-HCIi 
■(3) CHjCIj + Clj = CHClj H-HCl; 

(4) CHCla + CI, = CCI, + HOI. 
This replaeement of hydrogen by chlorine is an example of 
what is known as substitution. We shall find that most hydro- 
carbons are susceptible to the influence of the halogens and 
a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a large number of derivatives can be 
made, differing from the hydrocarbons in that they contain 
one or more halogen atoms or complex groups in the place 
of the same number of hydrogen atoms. It must be borne in 
mind that the mere fact that chlorine, in acting upon marsh 
gas, is substituted for an equivalent quantity of hydrogen, does 
not prove that the chlorine in the product occupies the same 
place that the replaced hydrogen did. Nevertheless, a careful 
study of all the facts regarding the products thus formed has 
led to the belief that the substituting atom or residue does 
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oceupy'the same place, or bear the same relation to the carboa 

atom as the hydrogen did. 

The name subsliCution-products properly includes all products 
made from the hydrocarbons, or from other carbon compounds,* 
by the substitution process. The principal ones are those 
formed by the action of the halogens, or the halogen substitution- 
products; those formed by the action of niti-ie acid, or the 
nitro-substitution-products ; and those formed by the action of 
sulphuric acid, or the sulpTionic acids. The last are, however, 
not commonly called substitution-products. 

Chlor-methane, methyl chloride, CHsCl, 
Brom-methane, methyl bromide, CH^Br. 
lodo-methane, methyl iodide, GH^I. 

The chlorine and bromine producta can be made by treating 
methane with the corresponding element. They can be most 
easily made by treating methyl alcohol with the corresponding 
hydrogen acids: — 

CH,0 + HCI = CHgCl + H,0. 

Methyl ticuhol Chlor-meCtaine 

Di-iodo-methane, methylene iodide, CH;!;. — This sub- 
stance is the principal halogen derivative of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo- 
inetbane, CHIs, by treating it with hydriodic acid, the latter 
acting as a reducing agent : — 

CHl3-f-HI = CHJs-|-Ij. 
As will be seen, this is a case of reverse substitution; in other 
words, the action is the opposite of that described above as 
substitution. Methylene iodide is a liquid that boils at 180°, 
and has the specific gravity 3.342. 

Chloroform, CHCI3. 1 The best known and most exteii- 

Bromoform, CHBr,. I sively used of these three derivatives 

Iodoform, CHI3. J is chloroform or tri-chlor-methane. 

It ia made by treating alcohol or ac«tone with " bleaching 
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powder.", Tlie action is deep-seated, involving at least three 
different stages. It will be treated of more fully under the 
bead of chloral (which see). Chloroform is a heavy liquid of 
specific gravity 1.526. It has an ethereal odor, and a some- 
what sweet taste. It is scarcely soluble in water. It boils at 
61.2°. It is one of the most valuable anEcsthetics, though 
there is some danger attending its use. 

Experiment 4. Mix 5901 bleaching powder and 1^ litres water in a 
S-litre flask. Add 3Se alcohol of sp. gr. 0.834. Heat g»ntly on a water- 
bath until action begioa. A mixture of alcohol, water, and chtorofonn 
will distil over. Add water, and remove the chloroform by means of a 
pipett«. Add calcium cUloride to the chlorolorm, and, after standing, 
distil on a water-bath. 

Iodoform, which is used extensively in surgery, is made by 
bringing together alcohol, an alkali, and iodine. It is a solid 
substance, soluble in alcohol and ether, but insoluble in water. 
It crystallizes in delicate, six-sided, yellow plates. Melting- 
point, 119°. 

E^xperiment 5. Dissolve 2(W crystallized sodium carbonate in 10(K 
water. Pour lOi alcohol into the solution, and, after heating to 601^ 
to S0°, gradually add IW iodine. The iodoform separates from tlie solution. 

Telra-chlor-melhmie, CC1„ is made by treating carbon bisul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of (lie hydrogen atoms in methane. Having thus 
seen that the hydrogen atoms of methane can easily be re- 
placed, the interesting question suggests itself whether these 
hydrogen atoms all bear the same relation to the carbon atom. 
We accept the conclusion that the carbon atom is quadrivalent, 
and that each of the four hydrogen atoms is in combination 
H(l) 
I 
■with it, as indicated in the formula (*) H-C-H (2). Do the 

H(3) 
atoms numbered 1, 2, 3, aiai i bear the same relation to the 
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caibon or not ? n they do not, then, on replacing p (1) by 
chlorine, the product should be different from that obtained by 
replacing H (2), H (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor-methane and of similar 
products. This subject is an extremely difficult one to deal 
with. It can only be said that, although chlor-methane has 
been made in several ways, the product obtained is always 
the same one; and the same is true of all other substitution- 
products of methane. So far as evidence of this kind goes, we 
have no reason for believing that there are any differences betioeen 
the hydrogen almns of methane. 

This conclusion is of fundamental importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
ing with all carbon compounds, as will be seen later. 

Ghlor-ethane, ethyl chloride, CsHjCl, 

Brom-ethane, ethyl bromide, CjH,Br. 

lodo-ethane, ethyl iodide, C^HjI. 

These substances areallliquids having pleasant ethereal odors. 
The first boils at 12°, the second at 38.8", dnd the third at 72°. 
They are most readily made from alcohol, by treating it with 
the corresponding halogen acids. In case of the bromide and 
iodide, it is simpler to ti-eat the alcohol with red phosphorus 
and the halogen. The action is similar to that involved in 
making hydrobromic acid by treating water with red phosphorus 
and bromine. It will be shown that alcohol is a hydroxide 
in which hydroxyl (OH) is in combination with the group C^Hj, 
called ethyl, as represented in the formula CaHj.OH. When 
bromine is brought in contact with red phosphorus, the tribro- 
mide, PBra, is formed, and this acta upon the alcohol thus : — 
CjH,.OH Br 1 

C2HS.OH + Br P = 3 CsHjBr + P(0H)3. 
CsHi.OH Br J 
When water ia used instead of alcohol, the bromine appears in 
combination with hydrogen as hydrobromic acid. 
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Kxperiment 6. Under a hood arrange an apparatus as represented 



In the flask place lOi red phOBphonis and OIX absolute alcohoL Put 
flO« bromine in the gUss-stoppered funnel, and, by means of the ettip- 



Flg. B. 

cock, let the bromine enter the flask very slowly, drop by drop. After 
allowing the mixture to atand for two or three hours, gently heat the 
water-batli, and the brom-ethane will disti! over. Place the distillate in 
a glass-stoppered cylinder, and shake it first with water to which some 
caustic soda has been added, and then two or three times with water , 
alone. Separate the water from the brom-ethane by means of a sepa- 
rating funnel. Add two or three pieces of fused calcium cliloride the size 
of a small marble, and let stand for a few hours. Then pour off into a 
clean, dry distilling bulb, and distil, noting the boiling-point. 

Among the many halogen substitution-products of ethane 
containing more than one halogen atom, only two will be men- 
tioned. These are the two di-cklor-etkanes, both of which are 
represented by the formula C^H^Clj. The existence of these 
two substances, having the same composition but entirely dif- 
ferent properties, aEFotds s, good example of what is known as 



D,a,l,zc.bvG00gIe 



32 DERIVATIVES OF METHANE AND ETHANE 

IsomeriBm. — One of the Diost striking and interesting facts 
with wtich we become familiar in studying carbon compounds, 
is the frequent occurrence of two, and often more, substances 
containing the same elements in the same proportions by weight. 
Substances which bear this relation to one another are said to 
be isomeric 

Isomerism is of two kinds : (1) Substances may have the same 
percent^e composition and the samejnolecular weights. Such 
bodies are said to be metamerie. The di-chlor-ethanes, CjHiCla, 
for example, are metamerie. (2) Substances which have the 
same percentage composition but different molecular weights 
are said to be polymeric. Acetylene, CjHj, benzene, CgHj, and 
styrene, CsHj, are polymeric. 

The cause of isomerism is undoubtedly to be found in the 
different relations which the constituents of isomeric com- 
pounds bear to each other. Our structural formulas, which 
show the relations between the parts of compounds that 
have been traced out by a study of the chemical conduct of 
these compounds, give us an insight into the causes of isomer- 
ism. To illustrate, let us take the two di-chlor-ethanes. One 
of these is made by treating ethane, the other by treating 
ethylene, CjHt, with chlorine. In the first case the action is 
substitution ; in the second, the chlorine is added directly to 
ethylene, thus, — 

CjH, -I- CI; = CsH,C]s. 

The product from ethylene is called ethylene chloride; that 
from ethane, ethylidene chloride. It will be shown that ethylene 

is to be represented by the formula i ; that is, that in it 

CHa 
only two hydrogen atoms are in combination with each of the 
carbon atoms. Now, if chlorine is brought in contact with this 
substance, we should naturally expect each of the carbon atoms 
to take up one atom of chlorine, and thus to become saturated, 
as represented in the equation, — 
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CHj CI CHjCl 

I + = I 
OH, CI CH5OI. 
Chlorine is taken up, and it is believed that the ethylene 
chloride obtained has the structure repi-esented by the formula 
CHjCl 

I , the distinctive feature of which is that each of the 
CH2CI 

chlorine atoms ia in combination with a different carbon atom. 

We can, however, conceive of another possibility; viz., both 

the chlorine atoms may be in combination with the same 

CHCl, 
carbon atom, as represented in the formula 1 , and we 

CHa 
should be inclined to the view that this represents the structure 
of ethylidene chloride. Fortunately there is experimental evi- 
dence to support this view. It will be shown that aldehyde 

CHO 
has the formula | . . When aldehyde is treated with phos- 

CHa 
photus pentachloride, two chlorine atoms take the place of the 
oxygen. A product which must be represented by the formula 
CHCl, 

I is formed, and this is identical with ethylidene chloride. 
CH, 

Thus it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride aud ethylidene chloride, 
depends upon the fact that in the former the two chlorine 
atoms are in combination with different carbon atoms, while 
in the latter both chlorine atoms are in combination with the 
same carbon atom. 

General cAaracterixlics of ike halogen derivatives of methane 
and ethane. The one characteristic to which it is desirable 
that special attention should be called is the condition of the 
halogens in the compounds. In general, chlorine in combina^ 
tion in inorganic compounds can be detected by means of a 
solution of silver nitrate, for when dissolved in water these 
compounds are ionized. The halogen substitution products of 
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the hydrocarbons ate not ionized by water, and the chlorine 
in them canuot be detected by meaus of silver nitrate in the 
ordinary way. On the other hand, when chlor-methane is 
heated with silver nitrate in a sealed tube, the chlorine is 
removed. Sodtnm and zinc. .have the power of extracting the 
chlorine, bromine, etc., from halogen derivatives, and this fact 
is taken advantage of in the synthesis of many hydrocarbons. 
(See " Ethane," p. 25.) 
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0X70EK DERIVATIVES OF METHAHE AlfD ETHAKE 

Theke are several classes of oxygen derivatives of the hydro- 
carboDS. Among them ate the Important compounds known as 
alcohols, ethers, aldehydes, and acids. Each of these classes 
will be taken up in turn. 

1, Alcohols 
Among the most important oxygen derivatives ate the alco- 
hols, of which methyl alcohol, ot wood spirit, and ethyl alco- 
hol, or spirit of wine, are the best-known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These relations 
are indicated by the formulas, — 

UydroearboiiN Alcolol* 

CH, CH4O 

The molecule of the alcohol differs from that of the corre- 
sponding hydrocarbon by one atom of oxygen. In order to 
iindetatand the chemical nature of alcohols, it will be best to 
study with some care the reactions of one ; and we may take 
for this purpose the simplest one of the series, methyl alcohol. 

Methyl alcohol, methanol, CH4O. — This alcohol is also 
known as wood spirit. It is found in natute in combination 
in the oil of wintergreen. It is formed, together with many 
other substances, in the dry distillation of wood. It is hence 
contained in crude pyroligneous acid or wood vinegar. Wood 
is distilled in large quantities for various purposes; chiefly, 
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however, for making charcoal. In moat charcoal factories the 
distillate is collected and utilized. Wood is distilled also for 
the purpose of making pure acetic acid and its salts. 

It is not an easy matter to get pure methyl alcohol from 
crude wood spirit. Fractional distillation alone will not an- 
swer; though, if the mixture is distilled for some time, and 
the impure' alcohol thus obtained then converted into some 
crystalline derivative, the latter can he purified and then 
decomposed in snch a way as to yield the alcohol in pure 
condition. 

Methyl alcohol is a liquid that boils at 66.7°, and has the 
specific gravity 0.8142 at 0°, It closely resembles ordinaiy 
alcohol in all its properties. It bums with a non-luminous 
flame. When taken into the system it intoxicates. It is 
poisonous. Blindness and death have been caused by its 
internal use. It is an excellent solvent for fats, oils, resins, 
etc., and is extensively used for this purpose. 

1. Action of hydroc/doric, hydrobromic, and other acids on 
methyl alcohol. The action of a few acids is represented by 
the following equations : — 

CH,0-|-HBr =CH3Br -l-H^O; 

CH^O-l-HCl =CHaCl +H,0; 

CH^O -1- HKOj = CHaNOs -|- H^O ; 

CH,0 -I- HjSO, = CH3.HSO, + HjO. 
The action is plainly suggestive of that of metallic hydroxides 
or bases. In each case the acid is either wholly or j)artly 
neutralized and water is formed, just as the acid would be 
neutralized by potassium hydroxide. 

2. Action, of phosphorus trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor-methane 
and phosphorous acid ; — 

3 CH,0 +■ PCIs = 3 CH3CI -i- H3PO3. 
Here one atom of chlorine is substituted for an atom of 
hydrogen and an atom of oxygen, the reaction being like 
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that wMch takes place between water and phosphorus tri- 
chloride : — 

3 HjO + PCla = 3 HCl + H,PO, 

This fact would lead us to suspect that there is some resem- 
blauce between the alcohol and water, 

3. Action, of potassium and sodium. When potassium is 
brought in contact with pure methyl alcohol, hydrogen is given 
off, and a compound containing potassium is formed ; — 

CH,0-l-k=CH,KO + H. 
Further treatment of this compound with potassium causes do 
further evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from tlie 
other three. 

The resemblance between methyl alcohol and metallic hy- 
droxides ; the substitution of chlorine for hydrogen and oxygen ; 
and the resemblance between the alcohol and water ; and, finally, 
the substitution of potassium for one, and only one, hydrogen 
atom, lead to the conclusion that the alcohol contains hydrogen . 
and oxygen in combination, and that the characteristic reac- 
tions are due to the presence of the group called hydroxyl (OH). 
The analogy between the alcohol, a metallic hydroxide, and 
water is shown by these formulas: alcohol, CHj.OH j hydroxide, 
K.OH ; water, H.OH. Thus water appears as the type of both 
the hydroxide and the alcohol, and they may be regarded as 
derived from water by substituting the group CH, for one hydro- 
gen atom in the case of the alcohol, and substituting an atom 
of the metal potassium for one hydrogen atom in the case 
of the hydroxide. Or, on the otb«r hand, methyl alcohol 
may be regarded as marsh gas in which one of the hydrogen 
atoms is replaced by hydroxyl. The two views are in fact 



To test the correctness of the view, we may try to make 
methyl alcohol in some way that will show us of what parts it is 
made up. Thus, we may start with marsh gas, and introduce a 
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halogen, aa bromine. Now, if we bring biom-metbane together 
with a metallic hydroxide, the bromine and the metal may 
unite, leaving the hydroxyl and the group CHj, which may 
unite also, aa indicated in the equation 

CHaBr + MOH = CH,.OH + MBr. 

If methyl alcohol could be made in this way, we ahould have 
strong evidence in favor of the view expressed in the formula 
CHj.OH, Methyl alcohol has been made by this reaction; and 
it is indeed a general rea^ition for the preparation of alcohols. 

The reactions above presented show that the part of methyl 
alcohol that con-esponds to the metal in the hydroxide is the 
group CHj. This it ia which enters into the acids in place of 
their hydrogen, and this remains unchanged when potassium 
acts upon the alcohol. It has received the name methyl. Hence 
we have the names methyl alcohol, methyl bromide, methyl 
ether, etc. A group which, like methyl, appears in a number 
of compounds is called a radicai, or residue. These names are 
.intended simply to designate that part of a carbon compound 
which remains unchanged when the compound is subjected to 
various transforming influences. 

The acid formed by oxidation has the composition expressed 
by the formula CHjO^. It contains one atom of oxygen more 
andtwoatomsof hydrogen less than the alcohol from which it is 
formed. It will be shown that this acid is the first of an import- 
ant series of acids, known as the fatty acids, each of which bears 
the same relation to a hydrocarbon containing the same number 
of carbon atoms that this simplest acid bears to marsh gas. 

The two most characteriatic reactions of methyl alcohol are : 
(1) its power to form' salt-like compounds when treated with 
acids; and (2) its power to form an acid when oxidized. 

The neutral compounds formed with acids correspond to the 
salts of metals, only they contain the radical, or residue, methyl, 
CHj, in the place of metals. They are called ethereal salts, or 
esters. 
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Ethyl alcohol, ethanol, CiH[.OH. — This is the best- 
known substance belongiug to the class of alcohols. It Is 
known also by the name spirit of wine and ordinary alcohol. 
It occurs in small quantities widely distributed in nature. 

The one method of preparation upon which we are dependent 
for alcohol is the fermentation of sugar. 

Fermentation. — Whenever a plant juice containing sugar 
is left exposed to the air, it gradually undergoes a change by 
■which it loses its sweet taste. Usually the change consists 
in a breaking up of the sugar into carbon dioxide and alcohol. 
The equation 

C«H,sO« = 2 C,HeO + 2 CO^ 
Sugar Alcohol 

approximately expresses what takes place in the process which 
is known as alcoholic fermentation. It baa been showu that 
fermentation is caused by the presence of small organized 
bodies, either animal or vegetable. These bodies, which are 
known as fermetits, are of different kinds, and cause differ- 
ent kinds of fermentation with different products. Among 
the kinds of fermentation the following may be specially 
mentioned : — 

1. Alcoholic or vinous fermentation. This is caused by a 
vegetable ferment contained in ordinary yeast The ferment 
consists of small, round cells arranged in chains. The prod- 
ucts of its action are alcoliol and carbon dioxide. 

2. Lactic acid fermentation. This is due to a vegetable 
ferment which is contained in sour milk. It has the power of 
transforming sugar into lactic acid. 

3. Acetic acid fermentation. This is due to a peculiar vege- 
table ferment which acts upon alcohol, transforming it into 
acetic acid. 

The germs of various ferments are in the air ; and, when- 
ever they find favorable conditions, they develop and produce 
their characteristic effects. They will not develop in a solution 
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of pure sugar. The variety of sugar which is fermentable, and 
which ia the one from which alcohol is obtained, is not our 
ordinary cane sugar, but one known as grape sugar, or, more 
commonly, glucose. In order that the ferments may grow, there 
must be present in the solution, besides the sugar, substances 
which contain nitrogen. These, as well as the sugar, are con- 
tained in the juices pressed ont from fruits, and hence these 
juices readily undergo fermentation. 

In the manufacture of alcohol a solution containing sugar is 
first prepared from the residue of wine presses, or from some 
kind of grain or potatoes. In case the solution contains grape 
sugar, this undergoes fermentation directly when the yeast 
is added. If tlie substance in solution is cane sugar, this is 
first changed by the enzyme,' invertase, present in the yeast 
ferment into grape sugar and fruit sugar, and the fermentation 
then takes place as in the first case, 

Experltnent 7. Dissolvu about 150^ commercial grape sugar in 1 to 
1\ 'litres of water in a good-sized flask. Connect the flask by means of 
a bent tube with a cylinder containing clear lime water. Protect the 
latter from the air by means of a tube containing caustic potash. Now 
add to the solution of grape sugar a little brewer's yeast ; close the con- 
nections, and allow to stand. Soon an evolution of gas will begin, and, 
as this passes through the lime water, a precipitate of calcium carbonate 
will be formed. AEter the action is over, place the flask in a water-bath; 
connect with a condenser, and dielil over 100'^'^ o£ the liquid. Examine 
this for alcohol. 

A good way to detect alcohol is this ; Warm the solution to be tested ; 
add a small piece of iodine and then caustic potash until the color is 
destroyed. On cooling, a, yellow crystalline substance, iodoform, is de- 
posited if alcohol is present. 

To obtain alcohol from fermented liquids, these must be dis- 
tilled. The ordinary alcohol contains water, and a mixture of 
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other alcohols called fusel oiL The latter can be removed partly 
by distillation, and the last portions can be got rid of by fil- 
tering through charcoal. The water cannot be removed com- 
pletely by distillation, though a product containing 95.57 per 
cent of alcohol can be obtained in this way. This mixture, 
consisting of 95.57 pet cent alcohol ajjd 4.43 per cent water, 
has a constant boiling-point (78.15°). 

Absolute alcohol is ordinary alcohol from which most of the 
water has been removed by means of some dehydrating agent, 
as quicklime or barium oxide. By continued treatment with 
freshly burned lime the quantity of water can be reduced to 
one-half a per cent, and this small quantity can be removed by 
treatment with metallic sodium. 

Experiment 8. Prepare absolute alcohol from ordinaiy strong alco- 
hol. For this purpose a good-sized flask is one^half to two-thirda filled 
with quicklime broken into small lumps. The alcohol is poured upon the 
lime, and sllowed to stand at least twenty-four hours, when it is distilled 
o& on a water-hath. If the alcohol used contains considerable water, it 
is necessary to repeat the treatment with lime. 

Pure ethyl alcohol has a peculiar, pleasant odor. It is 
claimed, however, that perfectly anhydrous alcohol has no 
odor. It remains liquid at very low temperatures, but it 
has been converted into a solid at a temperature of — 130.5°, 
It boils at 78.3°. It burns with a non-luminous flame which 
does not leave a deposit of soot on substances placed n t It 
is hence used for heating purposes. When mixed w th a r ts 
vapor explodes when a flame is applied. Its effects upon the 
human system are well known. It intoxicates when taken 
dilute form, while in concentrated form it is poisonous "\\ 1 e 
taken internally in large doses, it lowers the temperature of 
the body from 0.5° to 2°, although the sensation of warmth is 
experienced. 

Alcohol is the principal solvent for substances of organic 
origin. It is hence extensively used in the arts, as in the 
preparation of varnishes, perfumes, and tinctures of drugs. 
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Denatured alcohol — Alcohol to which aomething has 
been added to make it unfit for use as a beverage can be with- 
drawn from bond for use in the industries without payment of 
a tax. Such alcohol is called denatured alcoJutl. Various 
substances are employed as denaturing agents. Among tbem 
are gum shellac, wood alcohol, camphor, turpentine, carbolic 
acid, etc. Those authorized by the Commiaaioner of Internal 
BevenuB are methyl alcohol and benzine. 

Alcoholic beverages. — Many of the beverages in common 
use depend for their efficiency upon the preaenee of alcohol in 
greater or smaller quantity. The milder forms of beer contain 
from 2 to 3 per cent ; light wines, auch as claret, about 8 per 
cent; while whiskey, brandy, rum, and other distilled liquors 
sometimes contain as much as 60 to 75 per cent. These dis- 
tilled liquors are nothing but ordinary alcohol with wat«r and 
small quantities of substances obtained from the fruit or grain 
used in their preparation, or obtained by standing in barrels 
made of oak wood. The flavora of the beverages are due to 
these substances. 

Chemical conduct of ethyl alcohol. All that was said in regard 
to the chemical conduct of methyl alcohol applies to ethyl 
alcohol. The action of acids, of phosphorus trichloride, of 
the alkali metals, and of osidizing agents ia the same as in the . 
case of methyl alcohol, only the products formed contain the 
radical, ethyl, CjHj, inatead of methyl. 

2. Ethers 
When an alcohol is treated with potassium or sodium, com- 
pouuda are formed having the formulas, CHjONa, CHjOK, 
CijHjOK, CjHjONa. If one of these ia treated with a mono- 
halogen derivative of a hydrocarbon, aa, for example, iodo- 
methane, CH3I, reaction takes place thus : — 

CHjONa -I- CH3I = CjH,0 + Nal. 
This reaction leaves very little room for doubt in regard to 
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the structure of the compound C,H,0. It must be represented 
by the formula CHs-0-CHj, or (CHj)jO. Comparing 
it with methyl alcohol, it will be seen that it is obtained 
from the alcohol by replacing the hydrogen of the hydroxyl 
by methyl, CH,. Just as the alcohol is analogous to the hy- 
droxide KOH, so the new compound is analogous to the oxide, 
KnO. It is the represeutative of a class of bodies known as 
ethers, which are analogous to the oxides of the metals. 
Ordinary ether is the chief representative of the class. 

While the reaction above mentioned serves admirably to 
show the relations between the alcohols and ethers, it is not 
the one that is made use of in their preparation. This consists 
in treating the alcohols with sulphuric acid, and distilling. 

Ethyl ether, CjHioO = (CiHt)20.— This is the substance 
commonly known simply as ether, or sulphuric ether. The 
latter name was originally given to it because sulphuric acid 
is used in its manufacture, and plainly not because any 
sulphur is contained in it. Ether can be made from alcohol 
by making the sodium compound of alcohol, CjHjONa, and 
heating this with brom- or iodo-ethane thus : — 

CjHjONa + CiHJ = (C8H,)jO + Kal ; 
or by converting the alcohol into ethyl iodide and heating this 
with silver oxide : — 

2 CjH,I + AgjO == (CiH,)fi + 2 Agl. 

Ether is made on the large scale by mixing sulphuric acid 
and alcohol in certain proportions, and then distilling the 
mixture with more alcohol as described below. Two distinct 
reactions are involved in this process. First, when alcohol 
and sulphuric acid are brought together, half the hydrogen 
of the acid is replaced by ethyl, thus ; — 

C,H,OH + ^ > SO4 = ^'^' > SO, + H,0. 

The product formed is called ethyl-sulphuric acid. 
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Experiment 9. Slow); pour 20 to 30°° ordinary concentrated sul- 
phuric acid into about the same volume of alcohol oi 80 to SO per 
Stir thoroughly, and dilute with a litre of mtter. In an eraporat- 



ing dish add powdered barium carbonate until the liquid 
Filter, and examine the clear liltrate for 
that a soluble barium salt has been formed. This is bariii 
sulphate, Ba(C2HES04)2. 

When ethyl-sulphuric acid is heated with alcohol, 
formed, and sulphuric acid is regenerated thus: — 



neutral. 
shows 
ethyl- 



C,H,OH-^ 



''>0-hHsSl 



The ether thus formed distils over; and, if alcohol is admitted 
to the sulphuric acid, ethyl-sulphuric acid will again be 
formed, and with excess of alcohol it will yield ether. The 
actual method of procedure is described in 

Experiment 10. Arrange an apparatus as shown in Fig. 6. As ether 
is very volatile and inflammable, it is important that the condenser be con- 
nected with the receiver by 
means of an adapter, and the 
receiver placed in a vessel con- 
taining ice. In the flask put a 
mixture of 200« alcohol, and 
360* ordinary concentrated sul- 
phuric acid. It is better to 
mix them in another vessel, 
and allow the mixture to stand 
ior some time until it is thor- 
oughly cooled down; and then 
to pour off from any deposited 
solid as completely as possible. Now heat until the thermometer indicates 
the temperature 140°. At this point the mixture boils, and ether begins 
to pass over. As soon as this is noticed, open the stop-cock of the funnel 
A, and let a slow stream of alcohol pass into the distilling flask through 
the tube, which must reach beneath the surface of the mixture. Regulate • 
this stream so that the temperature remains as near 140° as possible. In 
this way the operation can he kept up for a considerable time, the alcohol 
admitted to the flask passing out as ether, and being collected together 
with some alcohol in the receiver. After about 260™ of alcohol has 




Fig. 6. 
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been admitted, slop liie operation. Poor the dlatiliate into a glass-Btop- 
pered cylinder, and add naCer. Tlie ether will rise to the top, forming a, 
layer, and can be removed by means of a pipette or separating funnel. 
It should be shaken in this way a few times with water ; then treated 
with a little fused calcium chloride ; and, after standing, poured ofi into 
a dry flask, and diEtilled on a water-liath. 

N.B. Never boil ether over a free fiarae; and, in working with it, 
always carefully avoid (Ae neighborhood of jtamei. In boiling it on a 
viater-bath, do not heal the water to boiling. 

Ether is a colorless, mobile liquid of a. peculiar odor and 
taste. It boils at 34.9°, (Hence the necessity for the pre- 
cautions mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have you had that it is lighter than water?) 
It is very infiammable. 



Experiment 11. Fat a few cubic centimetres of ether in a small 
evaporating dish, and apply a flame. 

When its vapor is mixed with air, the mixture explodes 
Tiolently when a flame is applied. Ether is somewhat soluble 
in water, and water is also somewhat, though less, soluble in 
ether ; so that when the two are shaken together the volume 
o£ the ether becomes smaller, even though every precaution is 
taken to avoid evaporation. Ether mixes with alcohol in all 
proportions. It is a good solvent for resins, fats, alkaloids, 
and many other classes of carbon compounds. 

It is an excellent anaesthetic, and is used extensively in this 
capacity. In consequence of its rapid evaporation, it may be 
used to produce cold. When, for example, ether is brought 
upon the skin in the forih of spray, the cold produced is so 
great as to cause insensibility. 

Experiment 12. In a thin glass test-tube put 6" water. Introduce 
• the tube into a email bealcer containing some ether. Force air over the 
surface of the ether by means of a bellows. The water will be frozen. 

CfiemiGcd conduct of ether. If we were dependent upon the 
decompositions and general reactions of ether for our knowledge 
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of its structure, we should be left in grave doubt as to the rela- 
tions existing between it and alcohol. Its deeoinpositions are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen. Its synthesis from sodium ethylate, CjHjONa, and 
iodo^tbane, CaHJ, leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with acidified water to 150° in a sealed tube, it la 
converted into alcohol : — 

(C,H()jO + H,0 = 2 CjHjOH. 

Treated with hydriodic acid at a low temperature, alcohol 

and iodo-ethane or iodo-ethane and water are formed r — 

CCjH.)jO + HI = C,H,OH + CjHil. 

(C,H,)aO + 2 HI = 2 CiH.I + HjO. 

Mixed ethers. — Just as otdinary or ethyl alcohol yields 
ethyl ether, so methyl alcohol yields methyl ether, (CH3),0. 
By modifying the method, a mixed ether, methyl-ethyl ether, 

pTi' > 0, can be obtained. This is formed by treating sodium 

methylate with iodo-ethane, or by treating sodium ethylate 
with iodo-methane r — 



_C,H.^ 

"CH,' 

It is formed also by distilling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-sulphuric acid : — 

'^ H > ° +''' H > ^°' = ot", > + H-^O'i 

°"h > ° +° H > ^' "ot; >° + ^'>'- 
Methyl ether and methyl-ethyl ether are very similar to ordi- 
nary ether. 
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3. Aldehydes 



It has been stated above that when methyl and ethyl alcohols 
are oxidized, they are converted into acids having the formulas 
CHjOj and CjH,Oj, respectively. By proper precautions, prod- 
ucts can be obtained intermediate between the alcohols and 
acids, and differing from thera In composition in that they 
contain two atoms of hydrogen less than the corresponding 
alcohols. These products are called aldehydes, from alcohol 
dehydrogenatiim., from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydroeai-bons, alcohols, and 
aldehydes are shown by these formulas : — 

H/drof 



droarboni 




Aldahyd» 


CH, 


CH.O 


CH,0 


0,H. 


C,H.O 


C,H,0 


etc. 


etc. 


ete. 



Formic aldehyde, formal, methanal, CHjO. — This alde- 
hyde is made by passing the vapor of methyl alcohol together 
■with air over a heated platinum or copper spiral. When cooled 
to a low temperature it forms a liquid that boila at — 21". It 
is manufactured on the large scale, and comes into the market 
in solution under the name oi formalin. It is used in the manu- 
facture of some dyes and as a preservative and disinfectant. 
When its solution in water is evaporated, a solid substance 
having the same composition as formic aldehyde is obtained. 
This is a polymeric variety, and is represented by the formula 
(CHjO)^ It is called paraformaldehyde. 

In order to gain a clear insight into the nature of the alde- 
hydes, it will be best to study the best-known representative of 
the class, which is acetic aldehyde. 

Acetic aldehyde, ethanat, CjHfO. — This aldehyde is 
formed whenever alcohol is brought in contact with an oxidizing 
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mixture, as, for example, potassium bichromate and dilute 
sulphuric acid. 

Experiment 13. Dissolve a little potassium bichromate in water, 
and add eulpbudo acid. Now add a few cubic centimetres of alcobol, 
and notice the odor, which is that of aldehyde. Notice, also, the change 
of color of the solution, showing the reduction of the bichromate. 

As aldehyde is a very volatile liquid, it is difficult to collect it 
In prepai-ing it, it is therefore best to pass it into some liquid 
which will absorb it, and then afterwards separate it by some 
appropriate method. A good method is that descril>ed below. 

ISicperlinent 14. Arrange an apparatus as shown in Fig. 7. Put 
120e granulated potassium bichromate in the flask A, which must have a 
capacity of IJ to 2 litres. Make a mixture of ICCK concentrated sulphuric 



Fig. 7. 

add, 48CW water, and 120« alcohol. Cool the mixture down to the ordi- 
nary temperature, and then pour it sloirti/ through the funnel-tube B Into 
the flask, which should stand on a water-bath containing warm water. 
The cylinders C and D are about half filled with ordinary ether, each 
one containing about 200=' ether, and placed in the large vessel F, which 
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contains ice water. The condenser should be supplied with water of 
about 30° C. 

Usually, when the alcohol, water, and sulphuric acid are poured upon 
tbe bichromate, the action begins without application of heat At times 
it takes place tapidl;, so that the liquid should always be added slowly. 
The aldehyde which is thus formed, together with some alcohol and 
water vapor, passes into the cocdenser-tube, where the greater part of 
the alcohol and water is condensed and returned to tlie flask, while the 
aldehyde, being much more volatile, passes into the ether and is there 
absorbed. After the action is over, tlie distilling vessel and condenser 
are removed, and, at E, connection is made with an apparatus furnishing 
dry ammonia gas. The gas is passed into the cold ethereal solution of 
aldehyde to the point of saturation. A beautifully crystallized compound 
of aldebydeand ammonia, known as a2deAy<fe-am?nonfa, is deposited. The 
eUier is poured oft, and the crystals placed on filter-paper. They gradually 
nndergo change in the air, becoming yellow, and acquiring a peculiar 
odor. If the crystals are placed in a flask and treated with dilute sulphuric 
acid, pure aldehyde passes over, and can be condensed by ice-cold water. 

In the process of purificatioii of ordinary alcohol it is filtered 
through charcoal. It is thu8 partly oxidized to aldehyde ; and, 
when it ia afterwards distilled, the first portions that pass over 
contain aldehyde, which was formerly obtained on the large 
scale by repeated distillation of these " first runmuga." 

Aldehyde is a colorless liquid, boiling at 21°. It mixes with 
water and alcohol in all proportiooa. Its odor is marked and 
characteristic. 

From the chemical point of view, the most characteristic 
property of aldehyde is its power to unite directly with other 
substances. It unites with oxygen to form acetic acid ; with 
hydrogen to form alcohol ; with ammonia to form aldehyde- 
amTnonia, CjHiO.KH, ; with hydrocyanic acid to form aldehyde 
hydrocyanide, CjH,O.HCN ; with the acid sulphites of the 
alkalies forming compounds represented by the formulas 
C,H,O.HKSOa and C,H,0.HNaS03; and with other substances. 
Indeed, if left to itself, it readily changes into polymeric modi- 
fications, uniting with itself to form more complex compounds, 
pariJdeiiyde and metaldehyde. 
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Paraldehyde, C,H,jO, — This is formed by adding a few 
drops of concentrated aulpliurie acid to aldehyde, which causes 
the liquid to become hot. Ou cooling to 0°, the paraldehyde 
solidifies in crystalline form. It melts at 10.5°. It diasolves in 
eight times its own volume of water, and boils at 124°. When 
distilled with dilute sulphuric acid, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vapor has 
been found to be 4.583. This leads to the molecular weight 
132.4, and consequently to the formula CgHuOs. It is called a 
polymeric modification of aldehyde. It is used in medicine as 
an hypnotic. 

Metaldehyde, C,H,20g — Metaldehyde ia formed in much 
the same way as paraldehyde, but a low temperature (below 
0°) is most favorable to its formation. It crystallizes in 
needles, which are insoluble in water, and but slightly soluble 
in alcohol, chloroform, and ether in the cold, though more 
readily at a slightly elevated temperature. When heated to 
120° in a sealed tube, it is converted into aldehyde. Deter- 
minations by the freezing-point method show that the molecu- 
lar weight ol freakly prepared metaldehyde is the same as that 
of paraldehyde. On standing it is converted into paraldehyde 
and, probably, a substance of the formula (C,H,0),. Distilled 
with dilute sulphuric acid, etc., metaldehyde is easily con- 
verted into aldehyde. 

In consequence of the tendency of aldehyde to unite with 
oxygen, it is a strong reducing agent. When added to an am- 
moniacal solution of silver nitrate, metallic silver is deposited 
on the walls of the vessel in the form of a brilliant mirror. 

Experiment 16. To a dilute solution of allver nitrate add a solution 
of ammonia until the silver oxide wliicb ia at Qist precipitated is nearly, 
though not quite, dissolved ; filter, warm gently in a clean test-tube, and 
add a few drops of a very dilute solution of aldehyde. A brilliant mirror 
of metallic silver will appear. Thia method is used in the manufacture 
of miirois. What becomes of the aldebjde ? 
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Chemical transformations of aldehyde. Aa aldehyde is pro- 
duced from alcohol by oxidation, so alcohol caa be formed 
from aldehyde by reduction : — 

CsH.0 + =C,H,0 + H,0; 

CjH,0 + Hj = C,HeO. 
By oxidation aldehyde is converted into an acid of the formula 
CjHjOb which is acetic acid ; and, by reduction, acetie acid is 
converted into aldehyde : — 

C^,o +0 =CjHA; 

OjHA + H, = CjH.O + H,0. 

Treated with phosphorus pentachlotide, aldehyde yields ethyl- 
idene chloride, C'lHiClj (which see). This reaction is of special 
interest and importance, as it helps us to understand the relation 
between aldehyde and alcohol Alcohol, as has been shown, is 
the hydroxide of ethyl, CjHj.OH. When oxidized it loses two 
atoms of hydrc^n. Is the hydrogen of the hydroxyl one o£ 
the two which are given off? If so, what readjustment of the 
oxygen takes place ? Such are the questions which we have a 
tight to ask. 

To understand the action of phosphorus peutachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change ia 
represented by the equation 

H,0+PC1. =P0Cls + 2HCl. 
Next, the oxichloride, POCla, is acted upon thus: — 

3 H,0 + POClj = PO{OH), + 3 HCl. 
Or, expressing both changes in one equation, we have : — 

4HaO + PCl, =P0(0H), + 5 HCl. 
The phosphorus pentachloiide gives up its chlorine and takes 
up oxygen, or oxygen and hydrogen, in its place. This is the 
general tendency of the chlorides of phosphorus. 
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Now, when a chloride of phosphorus is brought together 
with an alcohol, chlorine is substituted for the oxygen, two 
atoms of the latter for oue of the former, thus r — 

CaHj-OH + PCI, = C5H5CI.CIH + POCV 

But as hydroxyl, — — H, is univalent, its place cannot be 
taken by two atoms of chlorine and one of hydrogen, and the 
two chlorine atoms have not the power of linking the hydrogen 
to the ethyl. Hydrochloric acid is given off, and a compound is 
formed, which may be regarded as alcohol in which one chlorine 
atom takes the place of the hydroxyl. This is the kind of 
action that takes place whenever a chloride of phosphorus acts 
upon a compound containing hydroxyl ; and hence the reaction 
is made use of for determining whether hydroxyl is or is not pres- 
ent in a compound. 

"When aldehyde is treated with phosphorus pentachloride, 
the action is entirely different from that just described. Instead 
of one chlorine atom taking the place of a hydrogen and an 
oxygen atom, two chlorine atoms take the place of the oxygen 
atom .- — ^^^^Q ^ pj^j^ ^ CjH.Cl, + POCI3. 

If the explanation above offered of the action of phosphorus 
pentachloride on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily undei-stand why two 
chlorine atoms should take the place of the oxygen atom, if the 
latter is in combination only with carbon as in carbon monoxide, 
CO. There is an essential difference between this kind of com- 
bination and that which we have in hydroxyl as C— 0— H. In 
the latter condition the oxygen serves to connect carhou with 
hydrogen ; in the former it is in combination only with the 
carbon, and, presumably, the force which holds it can also hold 
two atoms of chlorine or of any other univalent element with 
which it can unite. So that, if oxygen ia in a compound in the 
carbon monoxide condition, we should expect two chlorine 
atoms to take its place when the compound is treated with 
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phosphorus penfcachloride. Let R.CO represent any such com- 
pound ; thea vre should have : — 

KCO + PCI, = E.CC1, + POGl^i 

while, when oxygen is present in the hydroxyl coDditioa, we 
have: — 

E.C-0-H + PCl, = E.CCl + P0Cl3 + HCl. 

Just as the latter reaction ia used to detect the presence of 
hydroxyl oxygen, so the former is used to detect oxygen in the 
other conditioD, which is commonly known as the carbonyl 
condition. 

In terms of the valence hypothesis, it is said that in the 
hydroxyl compounds oxygen is in combination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C = 0. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde^~" 
hyde must therefore be represented by the formula HjC = 0, 


Its homologue, acetic aldehyde, is CHj.C— H. The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 



group, C — H, which is called the aldehyde group. We do 
not know that the double line in the formula conveys a 
correct idea in regard to the relation between the carbon 
and oxygen. All that we know is that tliese two elements 
do occur in two different relations to each other, and the 
formulas ~ — H and C = recall these relations. They 
are expressions of facts established by experiment. Our 
notions in regard to these relations are largely dependent 
upon the reactions with the chlorides of phosphorus referred 
to above. 
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Chloral, trich lor aldehyde, OCI3CHO. — When chlorine 

a,ctB directly upon aldehyde, complicated reactions take place 
which need not be discussed here. If, however, water and 
calcium carbonate are present, substitution takes place, and 
trickloraldehyde is formed. When alcohol ia treated with 
chlorine, a double action takes place: The alcohol Is first 
changed to aldehyde thus ; — 

CH,.CH,OH + CI, = CHj-COH + 2 HCI. 

Then the chlorine acta upon the aldehyde, and is eubatituted 
for the three hydrogens of the methyl, forming trichloralde- 
hyde: — 

CHj.COH + 6 CI = CCls-COH + 3 HCI. 

In reality the aldehyde first formed acts upon the alcohol, 
forming an intermediate product which is acted upon by the 
chloriue ; and the chlorine product thus formed breaks up, form- 
ing chloral. The essential features of the reaction, however, 
are stated in the above equationa. Trichloraldehyde ia the 
substance commonly known as chloral. It is simply the tri- 
chlorine substitution product of aldehyde It has all the gen- 
eral properties of aldehyde, and the conclusion is therefore 


justified that it contains the aldehyde group - CH. 

Chloral is a colorless liquid, which boils at 98°, and has the 
specific gravity 1.54 at 0°. 

Note for Student, — Give the formulas of compounda formed when 

chloral is brought together with ammoDia, hjdrocyanic acid, and the acid 
Hulp1iit«B of the alkalies. What Is the formula of the acid formed b; its 
oxidation ? The answer is given in the statement that the general chemi- 
cal conduct of chloral ia the same as that of aldehyde. 

When chloral and water ace brought together, they unite to 
form a crystallized compound, chloral hydrate, CjHCI,0-|-HsO, 
which is easily soluble in water, and crystallizes from the solu- 
tion in beautiful, colorless, monoclinic prisms. It melts at 67° 
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and boils at 97.6°, dissociating into chloral and water. Taken 
internally in doses of from 0.6 to 2", it produces sleep. In 
larger doses it acts as an anaesthetic. 

When treated with an alkali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 

CCIs.COH + KOH = CHClj + KCHOj. 

CblorBl Chlonirorm PoUBslum 

Similar reactions take place in the preparation of chloroform 
and iodoform from alcohol. 

NoTi FOR SrtjDENT. — How 1b chloroform madaf How ie the metiiod 
explained ? Answer the iaine questions for iodoform. The bieaching 
powder used in prepaiiog chloroform furDiahea chlorine, la an alkati 
present ? \^ 

4. Acids 
When methyl and ethyj alcohols are oxidized, they ate con- 
verted first into aldehydes, and then the aldehydes take up 
oxygen and are converted into acids. The relations in compo- 
sition between the hydrocarbons, alcohols, aldehydes, and acids 
are shown in the subjoined table : — 



HjdroorboDS 


Aloohol. 


Aldelijdei 


Aeld> 


CH, 


CH,0 


CH,0 


CHA 


C^, 


C,H,0 


C,H.O 


C^A 


etc. 


etc. 


etc. 


etc. 



The two acids whose formulas are here given are the well- 
known substances, /ormic and acetic acids. 

Pormio acid, methanio acid, CHjOj. — This acid occurs 
in nature in red ants, in stinging nettles, in the shoots of some 
of the varieties of pine, and elsewhere. 

It can be obtained by distilling red ants, and is best pre- 
pared by heating oxalic acid with glycerol. Oxalic acid has the 
compositiou represented by the formula CgHiOt. When heated 
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in glycerol to 100°-110° it breaks down into carbon dioxide and 

formic ^id:_ cftO. = CO. + CH,0, 

The formic acid distils over, and can be condensed. 

Experiment 16. Into a flask of 500 to SOO'' capacity pot 200 to 
300°^ anhydrous glycerol, and then add 30 b> 40k crystallited oxalic 
acid. Counect tbe flask with a condeoser, and insei't a thermometer 
througb tlie corlc so that the bulb is below the surface of the glycerol. 
Heat gently. At 76° to 90°, carbon dioxide is' evolved. Haise the tem- 
perature gradually to 112°-116°. When formic acid no longer distils 
over, add another portion of oxalic acid, and heat again. This opera- 
tion may be repeated a number of times without renevfiug the glycerol ; 
but, when about lOOf of oxalic acid has been decomposed, enough 
formic acid for the purpose wiQ have been formed, and collected in 
the receiver. Dilute the distillate to about half a litre, and, while 
gently warming it in an evaporating dish, add freshly precipitated and 
washed copper oxide in small quantities until no more is dissolved. 
Then filter, and evaporate the solution to crystallization. The beauti- 
fully crystallized salt thus obtained is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of special interest: — 

(1) By the action of carbon monoxide upon sodium hy- 
droxide:— ^,Q ^ jj^Qjj ^ H.COJTa. 

This method is used for the preparation of formic acid on the 
large scale, soda^lime being used instead of sodium hydroxide. 

(2) By the action of metallic potassium upon moist carbon 
dioxide (carbonic acid) : — 

2 CO, + Ka 4- HjO = HCO^ + HCO,K, 
or 2 COjHj + Kt = HCOsK + HCO.K + HjO. 

(3) By treatment of a solution of ammonium carbonate with 
sodium amalgam : — 

COaCNH,); + 2 H = HCO,(NH,) + HjO + NHj, 
and HCO,(NH^ + NaOH = HCOjNa + NH, + HjO. 



D,a,l,zc.bvG00gIe 



FORMIC ACID 57 

According to these last two methods formic acid appears as a 
reduction product of carbonic acid formed by the abstraction 
of one atom of oxygen : — 

HsC0j = HjC0j + O. 

It will be shown that all the acids of carbon may l>e regarded 
as derivatives of either formic acid or carbonic acid. 

(4) When hydrocyanic acid is treated with an acid or an 
alkali, it breaks up, forming ammonia and formic acid. The 
reaction may be represented thus : — 

HCN + 2 H,0 = H,CO, + NH,. 
Of course, if an acid is present, the ammonium salt of the acid 
is formed ; and, if an alkali is present, the formate of this alkali 
is formed. A reaction similar to this is used very extensively in 
the preparation of the acida of the carbon, as will be shown. 

Anhydrous formic acid can be made by dehydrating either 

the copper or lead salt, and passing dry hydrogen sulphide 

over the salt placed in a heated tube, or by heating a mixture 

of dry sodium formate and acid sodium sulphate : — 

HCOjNa + NaHSO, = Na^O, + H,CO^ 

It is a colorless liquid boiling at 99° at 760""". It has 
a penetrating odor. Dropped on the skin, it causes extreme 
pa^ and produces blisters. Its specific gravity at (f is 1.22. 
When cooled down it solidifies to a mass of crystals which melt 
at 8.6°. It is a stronger acid than acetic acid. It is a power- 
ful antiseptic. 

Concentrated sulphuric acid decomposes it into carbon mon- 
oxide and water ; — 

, HiCO; = CO + HA 
It is easily oxidized to carbonic acid. Hence it acts as a 
reducing agent. Heated with the oxides of mercury or silver, 
they are reduced to the metallic condition : — 

HgO + HjCOj = Hg + H^O + CO^ 
Like other acids, formic acid yields a large number of salts with 
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bases, and ethereal salts or compdoDd ethers with the alcohols. 
These derivativea need not be treated of here. The salts are 
all soluble in water, and some of them, as the lead, copper, and 
barium salts, crystallize very well. Some of the ethereal salts 
will be mentioned when these substances are taken up as a class. 

Acetio aoid, ethsnio aoid, OgHiO,. — Acetic acid is made 

(1) By the oxidation of alcohol ; and 

(2) By the distillation of wood. 

When pure alcohol is exposed to the air it undergoes no 
change; If, however, some platinum black is placed in it, 
oxidation takes place and acetic acid is formed. So also if 
fermented liquors that contain nitrogenous substances are 
exposed to the air, oxidation takes place, and the liquor be- 
comes sour in consequence of the formation of acetic acid. A 
great deal of acetic acid is made by exposing poor wine to the 
action of the air. The product is known as wine vinegar. 
The formation of vinegar has been shown to be due to the 
presence of a microscopic organism (Mycoderma aceti) com- 
monly known as " mother-of -vinegar." This serves in some 
way to convey the oxygen from the air to the alcohol. The 
"quick-vinegar process," much used in the manufacture of 
vinegar, consists in allowing weak spirits of wine to pass 
slowly through barrels filled with beech shavings which have 
become covered with Mycoderma aceti. The presence of the 
organism is secured by first pouring strong vinegar into the 
barrels, and allowing it to stand for one or two days in con- 
tact with the shavings. 

When wood is distilled, a very complex mixture passes over, 
one of the constituents being acetic acid. By keeping the 
temperature down comparatively low, the amount of acetic 
acid obtained is increased. The distillate is neutralized with 
soda ash, and the solution of crude sodium acetate thus ob- 
tained evaporated to dryness. It is then treated with sul- 
phuric acid, and distilled, when acetic acid passes over. 
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There are three other methods which may be used for making 
acetic acid. They are, — 

(1) By treating sodium methylate with carbon monoxide : — 

CHjONa 4- CO = CH,.COaNa. 

(2) By treating carbon dioxide with aodium^methyl : — 

CO, + CHjNa = CHs.COjNa. 

(3) By treating methyl cyanide, CHgCN, with an acid or an 
alkali : — (.^q^ + 2 H,0 = CHg-COsH + NHj. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 67). 

To purify the acid it is passed through charcoal and dis- 
tilled. It still contains water, from which it cannot be com- 
pletely separated by distillation. When cooled to a low 
temperature it solidifies, and the water can then partly be 
poured off. By repeating the freezing, and distilling a few 
times, perfectly pure, anhydrous acetic acid can be obtained. 

Experiment 17. Make pure acetic acid from the commercial sub- 
stance. First distU in fractions until a portion is obtained tbat boils 
between 110° atid 1\V. Put the vessel containing tbis tn ice. The 
liquid will solidify almost completely. Pour ofi the little liquid which 
I, and dlBtil. 



Acetic acid is a clear, colorless liquid, which boils at 11S°, 
It has a very penetrating, pleasant, acid odor, and a sharp acid 
taste. Ttie pure etibstance ads upon tfie skin like formic acid, 
causing pain and raising Nisters. It solidifies when cooled down, 
and the crystals melt at 16. T". The pure acid which is solid at 
temperatures below 16° is known as glacicd acetic acid. Its spe- 
cific gravity is l.OS at 0°. It mixes with water in all proportions. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar, which is an aqueous solution of acetic 
acid containing from 3 to 6 per cent of the acid, a little alcohol, 
and other substances in small quantities. It Is used in calico 
printing in the form of iron and aluminium salts. With iron it 
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gives hydrogen, which is needed in the manufacture of certain 
compounda used in making dyes, as, for example, aniline. 
Glacial acetic acid is an excellent solvent for many organic sub- 
stances, and is therefore frequently used in scientific researches. 

Derivatives of acetic acid. Acetic acid yields a large num- 
ber of derivatives. They may be treated of briefly iiuder two 
heads: (1) Those which are formed in consequence of the 
acid properties and which necessitate a loss of the acid proper- 
ties, as the salts, ethereal salts, etc. ; and (2) those in which 
the acid properties remain essentially unchanged. 

Salts of acetic add. The acetates of the alkalies were the 
first compounds of carbon ever prepared. The potassium and 
sodium salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate, (CsH^O^),'?]^ + 3 H^d. This salt, which is com- 
monly known as sugar of lead, is made on the large scale by 
dissolving lead oxide in acetic acid. It crystallizes well, and 
is soluble in 1.5 parts of water at ordinary temperatures. Com- 
mercial sugar of lead frequently contains an excess of lead 
oxide in the form of basic salts. A solution of such a mixture 
becomes turbid when allowed to stand in the air, or gives a 
precipitate when dissolved in ordinary spring water, in conse- 
quence of the formation of lead carbonate. 

Coj^>er acetate, (CjH,0i)2Cu -|- 2 H/). This salt can be made 
by dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A basic acetate, 
formed by the action of acetic acid on copper in the air, is 
known as verdigris. 

Copper aceto-arsenite, SCuASjO, + (C|iH30s)jCu. This double 
salt is formed by boiling verdigris and arsenic trioside together 
in water. It has a iine bright-green color, and is used as a 
pigment and as an insecticide. It is the chief constituent of 
emerald green, Paris green, or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferrous 
salt, (CjH30j),Fe -f- 4 H,0, and the ferric salt, (C,H,0,),Fe, 
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The latter is formed when sodium acetate is added to an acidi- 
fied BolutioD of a ferric salt. At first the solution becomes 
deep-red in color; but, on boiling, all the iron is precipitated 
as hydroxide. Heoee this salt is used for the purpose of sepa- 
rating iron from manganese in analytical operations. 

Esperltnent 18. To a dilute solution of ferric chloride, coDtained 
in a small flask, add a liltle acetic acid uid a solution of sodium acetate. 
Boil the red solution, and ferric hydroxide is precipitated, ieaviog the 
aolation colorless. Filter, and examine the filtrate for iron. 



The ethereal salts will be mentioned briefly when this class 
of compounds is taken up. The principal one is ethyl acetate 
or ac&ic ether, which is formed from acetic acid and ordinaiy 
alcohoL When a mixture of these two substances is treated 
with sulphuric acid, the ether is formed and can be recognized 
by its pleasant odor. This fact is taken advantage of for the 
detection of acetic acid. 

Esperin^nt 19. To a mixture o( about equal parts of acetic acid 
and alcohol, in a test-tube, add a little concentrated sulphuric acid, beat, 
and notice the odor. It is that of ethyl acetate or acetic etber. 

Acetic anhydride or acetyl oxide, C^HgO^- — This sub- 
stance, which bears to acetic acid the relation of an anhydride, 
is made by abstracting water from the acid : — 

2 C,H,Oj = C,H,0, 4- H,0. 
Like other acids, acetic acid contains hydroxyl, as will be 
shown below. We may hence represent the acid thus : 
CjH^.OH. The part C^fi is known as acetyl. Now when 
water is abstracted from the acid, the change takes place as 
represented in this equation : — 

CJI.O.OH 1 _ C,H,0 
C,H.O.OHf-C,II.O>° + '''°- 
Hence, according to this, acetic anhydride appears as the oxide 
of acetyl, while the acid itself is the hydroxide. 

Acetic anhydride is a colorless liquid which boils at 137°. 
With water it gives acetic acid. 
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Acetyl chloride, C,HjOCl. 1 Juat as alcohol, whea 
Acetyl bromide, C^HjOBr. ]■ treated with phosphorus tri- 
Aoetyl iodide. C^.OI. ) chloride, yields a chloride of 

ethyl, so acetic acid, when treated with the same recent, yields 
acetyl chloride. The character ot the reaction is the same in 
both cases. It consists in the replacement of hydroxyl by 
chlorine : — 

3 CH».COOH + 2 PCI, = 3 CHshCOCI + PA + 3 HCl. 

Experiment 20. Arrange a dry diatilling flask, with condenser and 
dry receiver, tinder a hood or out of doors. Bring together 9 parts 
(say 18W) strong acetic acid and 6 parts (say 130k) phosphorus tri- 
chloride. Slightly heat the mixture on the water-hath, when acetyl 
chloride will distil over. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 55°. 
Water acts upon it very readily, acetic and hydrochloric acids 
being formed : — 

CjH,OCl + HjO = C,HsO.OH + HCl. 

In this case the chlorine is replaced by hydroxyl. Aa the 
subatance is volatile, it fumes in contact with the air in conse- 
quence of the formation of hydrochloric acid. It must be 
kept in tightly-stoppered bottles. In handling it, care must 
be taken not to bring it near the nose, as the vapor is suf- 
focating, and it attacks the mucous membranes of the eyes and 
nose, producing coughing and other bad results. 

Acetyl chloride is a valuable reagent much used in the ex- 
amination of compounds of carbon. Its value depends upon 
its action towards alcohols. When it is brought together with 
an alcohol, as, for example, methyl alcohol, hydrochloric acid 
is evolved, and the acetyl group takes the place of the hydro- 
gen of the alcoholic hydroxyl : — 

CHj.OH -f- C,H,0C1 = CHj.O.CjHjO -f HCl. 
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The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a substance with acetyl 
chloride, its composition is changed, showing that hydrogen is 
replaced by acetyl, we are justified in concluding that the sub- 
stance contains alcoholic hydroxyl. The bromide and iodide 
resemble the chloride very closely. 

Experiment 21. Treat a tev cubic centimetres of absolute alcohol 
with acetyl chloride. Notice the evolutioD of hydrochloric acid and the 
odor of ethyl acetate. 

Acetic anhydride may also be used as a test for alcoholic 
hydroxyl. With methyl alcohol, for example, it acts as shown 
in the following equation: — 

CH3OH C,H,0 Q ^ CH, . OC^aO jj Q 
CHjOH CiHjO CH,.OC,H,0 ' ' 

With all substances that contain alcoholic hydroxyl the same 
kind of action takes place. 

Substittttion-producta of acetic acid. These bear the same 
relation to acetic acid that the substitution-products of marsh 
gaa bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution-producta are acid. The 
best known of these products are the chlor-acetic acids which 
are made by treating the acid with chlorine. They are 
mono-chlor-aeetic, di-chlor-acetic, and tj-^-cWor-oced'c acids. Their 
formation is represented by the following equations : — 

CiHsO.OH + CI, = CiHjClO.OH + HCl ; 
CHiClO.OH -I- CI, = CiHCIjO.OH -|- HCl ; 
C^CljO.OH + CI, = CCljO.OH -t- HCl. 

When treated with nascent hydrogen they are converted 
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back into' acetic acid. They yield aalts, ethereal salts, anhy- 
drides, etc., just the same as acetic acid itself. 

Theory in regard to the relcUions between the adds, alcohotSf 
aidehydet, and hydroairhons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception 
of the relation of its constituents. In the first place the pres- 
ence of hydroxyl is shown by the reaction with phosphorus 
trichloride. We hence have CjH/),OH as the formula repre- 
senting this idea. But several questions still remain to be 
answered. There is another oxygen atom to be accounted 
for ; and the relations between the hydroxyl and this 'oxygen 
must be determined if possible. The fact that this second 
oxygen is not readily replaced by chlorine indicates that it is 
not present as hydroxyl, and atl methods of testing for hy- 
droxyl fail to show its presence in acetyl chloride. Hence we 
may conclude that the second oxygen atom is present as car- 
O 

bonyl CO. This leads ns to the formula H - C - O - H for the 
simplest acid, or formic acid. Accordingly, formic acid ap- 
pears as carbonic acid, which is commonly represented by the 

yOH 

formula o = C. , in which one hydroxyl has been reduced 

to hydrogen. It has already been seen that this reduction can 
be accomplished without difficulty. Many other arguments 
might be brought forward in favor of the view that the above 
formulas express the relations between formic and carbonic 
acids. Now, as acetic acid is the homologue of formic acid, 
there is every reason to believe that it differs from the latter 
in that it contains methyl in place of the hydrogen, which 
is in direct combination with carbon, and this view is con- 
firmed by the fact that acetic acid can be made from sodium 
methyl, CHjNa, and from methyl cyanide, CHj . CN. The acid 



must hence be represented by the formula CH»,C-OH or 
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CO<qU*. The common constituent of the two acids is the 
o 

group C — O — H or — CO.OH, which is generally known as car- 
boxi/L Acetic acid is closely related not only to formic but to 
carbonic acid. It may be regarded as carbonic acid, co<yjj, in 
which one hydroxyl is replaced by the radical methyl. In a 
similar way we shall see that all organic acids may be regarded 
as derived either from formic acid or from carbonic acid. 
Representing now the simplest hydrocarbon, alcohol, aldehyde, 
and acid, by the structural formulas deduced from the facts, 
■we have 



H 



Mrthyl »lca 



fO 
C I H C I OH. 

H 



Concerning the mechanism ot the changes caused by oxida- 
tion, but little can be determined by experiment. We may re- 
gard methyl alcohol as the iirst and simplest product of oxida- 
tion of marsh gas. Starting with methyl alcohol, we might 
expect the next change to consist in the introduction of another 



oxygenatom,givingabodyC| g . But it has been found that, 

Ih 
except under certain peculiar conditions, one carbon atom can- 
not hold two hydroxyls in combination, and that, if such a 
compound is formed, it loses the elements of water, thus. 



Cl„ =C|h+H,0. The result would be the aldehyde. 

Ih (h 

This kind of change is illustrated in the formation of carbon 
dioxide from the salts of carbonic acid. Instead of getting 
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the acid C0<„„, which we should naturally expect, we get 
this minus water : — 

CO<^y=CO, + HA 

Now, when the aldehyde is oxidized, another oxygen atom is 
introduced, and the substance thus produced is an acid, ot the 
hydroxyl hydrogen can be replaced by metals, and has in gen- 
eral the characteristics of acid hydrogen. As soon as we have 
carbon in combination with oxygen aa carbonyl, and also with 
hydroxyl, the substance containing the combination is an acid. 

\° 

If, finally, the acid c { OH is oxidized, it is probable that the 
Ih 
same change takes place as when the alcohol is oxidized. 
That is to say, the hydrogen is probably replaced by hydroxyl, 
when a compound containing two hydroxyla in combination 
witli one carbon atom would be the result This would be 
ordinary carbonic acid. But this breaks up into water and 
carbon dioxide, which, as we know, are the products of oxida- 
tion of formic acid. 

All the many representatives of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the three fundamental substances, methyl 
alcohol, formic aldehyde, and formic acid. Keplace one of the 
hydi'ogen atoms of methyl alcohol by a radical, and we get a 
new alcohol, which may be represented by the formula 

(OH 
. So also a similar replacement of a hydrogen atom in 
B [ O 

formic aldehyde gives another aldehyde, C ( H ; and, finally, as 

I R 
we have seen, the acids of carbon may be represented by the 



formulas C |oH, or R.CO.OH, or CO<oijf which show their 
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relatioDS to formic and carbonic acids. Hereafter, in writing 
the formulas of members of the tliree great classes, the struc- 
ture will be represented by writing the hydrosyl group OH, the 
aldehyde group CHO, and the carboxyl group CO.OH or COjH, 
separately from the rest of the formula. 

6. Ethekeai, Salts or Esteks 

Whenever au acid acts upon an alcohol, the acid is neutralized 

either wholly or partly, and a product anali^ous to the salts is 

formed. Thus nitric acid and ethyl alcohol give ethyl nitrate ; — 

C,H, .OH + HNO, = C,Hs .NO, + H,0, 

just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CHg, 
and ethyl, C,H„ take the part of metals in the ethereal salts. 
We can thus get a series of methyl and ethyl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acida act directly 
without aid. Such, for example, are nitric and sulphuric acids,, 
though even the latter is not completely neutralized by action 
upon alcohols, as has already been seen in the preparation of 
ethyl-sulphuric acid, ''>S0,, for the purpoaeof making ether. 

Plainly ethyl-sidphuric acid is an acid ethereal salt, analogous. 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 

The methods which may be used for preparing ethereal salts 
are the following : — 

(1) Treatment of an acid with an alcohol. This ia capable 
of only very limited application, as in the case of a few of the 



(2) Treatment of an acid anhydride with an alcohol. Thus 
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in the case of acetic anhydride and ethyl alcohol this reaction 

takes place : — 

CH,.CO C,H.OH _ CH^COOC^ 

CHa.CO^ "^ CiH.OH ~ CH,.COOC,H.'*' ' 

(3) Treatment of the chloride ot an acid with alcohol. This 
has been illustrated by the action of acetyl chloride, CjHjO.CI, 
upon methyl alcohol (see p. 62) : — 

CiHaOCl +HO.CH3=CiHjO.OCHa +HC1, 
or CHb.C0C1 + HO.CH3 = CH,.COOCH» + HCl. 

(4) Treatment of the silver salt of an acid with a halogen 
substitution-product of a hydrocarbon. For example, ethyl 
acetate can be made by treating silver acetate with brom- 
ethaue : — 

CHj.COO Ag + C,H,Br = CHsCOOCH, + AgBr. 

This reaction is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for doubt that 
the two are strictly analogous. 

(5) Treatment of a mixture of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The format 
tion of ethyl acetate by this method was illustrated in Experi- 
ment 19, p. 61. The sulphuric acid facilitates the action by 
uniting with the alcohol to form ethyl-sulphuric acid, which with 
the acid gives the ethereal salt : — 



H ' 

It is probable that the hydrochloric acid first acts upon the 
acid foi-ming the chloride, and that this then acts upon the 
alcohol, forming the ethereal salt : — 

CHs.COOH + HCl = CHj.COCl + HjO ; 
CHa.COCl + C,H,OH = CHs.COOC,H, + HCl. 
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Among the more important ethereal salts of methyl and ethyl 
alcohols, the following may be mentioned : — 

Meth;l-sulphurio acid, ^> SO\, formed by mixing 
methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Ethyl nitrate, CjHjNOj, formed by treating alcohol with 
nitric acid. Unless precautions are taken in mixing these 
reagents, complete decomposllion of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Bthyl-sulphurio aoid, ^■'>S04. Made in the same way 
as the methyl compound. The acid and its salts are easily 
Boluble in water. When boiled with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

C,H,^ SO, + H,0 = HjSO^ + CaHjOH. 

Ethyl aulphate, (C-^^^^O,, is made by passing the vapor 
of sulphur trioxide into well-cooled ether: — 

(CjH,),0 + SO, = (C2H,)5SOi. 

Phosphoric acid yields ethyl phoapkate, {CiHj)3P0<, di-ethyl-phos- 
phone acid, {CsHj)5HP0„ and ethyl-pkosphonc add, C,H„HjPO,. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. 

Of the ethereal salts which the two alcohols form with formic 
and acetic acids, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been given. 
They are both liquids having pleasant odors. This is indeed a 
characteristic of many of the volatile ethereal salts of the acids 
of carlxtn, and many of the odors of fruits and flowers are due 
to the presence of one or another of these compounds. Many 
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of them also are used for flavoring purposes instead of the 
natural substances. 

ExperlmeDt 22. Make a mixture of IG parts (160s) of ordioarj 
concentrated sulphuric acid and 6 parts (60<) absolute alcohol. Add to 
it 10 parts (lOOs) sodium acetate. Distil from a flask. . Redistil the dis- 
tillate. Tbe ethyl acetate thus formed boils at 77°. What reacUons lake 
place in this case ? 

Decomposition of ethereal salts. Salts of most metals are de- 
composed when treated with an alkaline hydroxide, as caustic 
soda or caustic potash, the result *being a salt of the alkali and 
the hydroxide of the replaced metal, as seen in the case of 
copper sulphate and sodium hydroxide : — 

CuSO, + 2 NaOH = Cu(OH)j + Na^SO,. 
So also the ethereal salts are decomposed when treated with the 
alkalies, though, as a rule, not as readily as salts. It is usually 
necessary to boil the ethereal salt with the alkali when decom- 
position takes plaoe, the radical, like the metal, appearing in 
the form of the hydroxide or alcohol, and the alkali metal 
taking its place. Thus, when ethyl sulphate is treated with a 
solution of caustic potash, this reaction takes place : — 

(C,H.)^0, + 2 KOH = K^, + 2C,H^0H; 
and when ethyl acetate is treated with caustic soda, we have 
this reaction : — 

CHg.COOC,H, + NaOH = CH,.COONa + C,HjOH. 

Experiment 23. In a 500" flask put 200« nater, 60> solid caustic 
potash, and 20™ ethyl acetate. Connect with an inverted condenser, 
arranged as shown in Fig, 8. Boil gently for half an hour. Now connect 
the condenser with tbe flask for distilling, and again boil. Examine tbe 
distillate for alcohol. Acidify the contents of tbe flask with sulphuric 
acid, and again distil. What passes over ? 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on the large scale 
in the preparation of soaps, it is commonly called saponijication. 
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As will be shown, the fats are ethereal salts, and soap-miiking 
consiate in decomposing these fats by means of the alkalies. 
Hence, generally, to saponify an ethereal salt means to decom- 
pose it by means of an alkali into the corresponding alcohol 
and the alkali salt of the acid contained in it. 



6. Ketones or Acetones 
When an acetate is distilled, a liquid passes over which has 
the composition CjHaO, and a carbonate remains behind. The 
reaction has been carefully studied, and has been shown to take 
place in accordance with the following equation: — 

The substance C,HgO is known as acetone. It is the best 
known representative of a class of compounds which are some- 
times called acetones, but more commonly ketones. 

Acetone, dimethylketone, propanone, CaHjO. — This 
substance has long been known as a product of the distillation 
of acetates. It is contained in considerable quantities in the 
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product obtained in tlie distillation of wood, and can be sepa- 
rated from the mixture after the removal of the acetic acid. 
It also occurs in the blood and in urine in small quantity. 
In certain abnormal conditions it occurs in the urine in large 
quantity aa in acetonurla and in diabetes mellUus. 

It can be purihed by shaking a mixture containing it vith a 
concentrated solution of mono-aodium sulphite. It unites with 
the salt, forming a compound analogous to that formed with 
aldehyde. The double compound can be separated, and when 
distilled with the addition of potassium carbonate acetone 
paaaes over. 

Acetone is a colorless liquid having a penetrating, pleasant, 
ethereal odor. It boils at 56.3'. It is a good solvent for many 
carbon compounds, such aa resins, fata, etc. 

On studying the conduct of acetone, it soon becomes evident 
that it more closely resembles the aldehydes than any other 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely differently from either. It is not 
an ethereal salt, for on boiling with an alkali it does not yield an 
alcohol nor the salt of an acid. On the other hand, it unites 
with the acid sulphites like the aldehydes. Further, when 
treated with phosphorus pentachloride its oxygen is replaced 
by two chlorine atoms thus : — 

C^Hja + PCIj = CaHaCls + POCla; 
and when treated with nascent hydrogen, it is converted into a 
substance having alcoholic properties. These facta lead to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do. This is shown in the formula CbHjCO. The 
formation from calcium acetate leads further to the belief that 
the group C^H, really consists of two methyls, as the simplest 
interpretation of the reaction is represented thus : — 

According to this, acetone is a compound of two methyl groups 
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and carbonyl, or it is carbon monoxide whose two available 
affinities have been satisfied by two methyl groups, 

We can test the correctness of this view by means of synthe- 
ses. If it is correct, it will be seen that acetone is closely re- 
lated to acetyl chloride. It is acetyl chloride in which the 
chlorine has been replaced by methyl : — 

CHa.CO.Cl CHa.CO.CH, 



Now, when acetyl chloride is treated with zinc methyl, ZD(fiK^i, 
it yields acetone according to this equation : — 

2 CHa.COCl + Zn(CHj)a = 2 OHj.CO.CH, + ZnClj. 

The relation between acetone and ordinary acetic aldehyde is 
similar to that of an ethereal salt to its acid ; that is, acetone 
is aldehyde, CH,.COH, in which the hydrogen has been replaced 
by methyl, CH^CO.CH^ 

Like the aldehydes, the acetone has the power of taking up 
other substances, such as the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, etc. This power is in some way con- 
nected with the relation of the oxygen to the carbon, which is 
the same in both compounds. Kevertheless, this condition of 
the oxygen does not always carry with it the same power as 
seen in the case of the acids which also contain carbonyl. 

By reduction with nascent hydrogen, acetone yields an alcohol 
of the formula CjH,0, known as secondan/ propyl alcohol, which 
when oxidized yields acetone. In other words, the relation be- 
tween this alcohol and acetone is much the same as that between 
ethyl alcohol and acetic aldehyde. But while the aldehyde by 
further oxidation yields acetic acid by simply taking up one 
atom of oxygen, acetone is decomposed by oxidizing agents, and 
yields acetic and formic acids. Towards oxidizing agents, then, 
acetones (for it will be shown that other acetones conduct 
themselves in the same way) act entirely differently from the 
aldehydes. The alcohol above mentioned as related to acetone 
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is the simplest representative of a class of alcohols differing in 
some respects from the substances commonly called alcohols. 



The most important representatives of six classes of oxygen 
derivatives of the hydrocarbons have thus far been treated of, 
and, by the aid of a study of their chemical conduct and of the 
methods that may be used in their preparation, definite views 
in regai-d to the relations between them have been formed. 
In ordinary language these relations may be briefly expressed 
thiis : The alcohols are the hydroxyl derivatives of the hydro- 
carbons or the hydroxides of certain gronps called radicals; 
the ethers are the oxides of these same radicals ; the aldehydes 
are compounds consisting of carbonyl, hydrogen, and a radical ; 
the acids are compounds of carbonyl, hydroxyl, and a radical, 
or, better, they are carbonic acid in which hydrogen and 
oxygen, or hydroxyl, have been replaced by a radical; the 
ethereal salts are compounds like ordinary metallic salts, only 
they contain a radical in place of the metal ; and, finally, the 
ketones are aldehydes in which the distinctively aldehyde 
hydrogen has been replaced by a radical, or they are com- 
pounds consisting of carbonyl and two radicals. 

These ideas are expressed in formulas thus, R being any 
univalent radical like methyl, CHj, or ethyl, C^H,: — 



Alcohol . . . 
Ether .... 
Aldehyde . . 


. E_0-H. 
. R-O-E. 
. R_c-H. 


Acid .... 


II 


. E-C-O-H. 


Ethereal salt . 
Ketone . . . 



. Ac — — R (Ac — —H representing any 

monobasic acid). 
. R - C - R. 
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CHAPTER V 

SULPHDR DERIVATIVES OF METHANE AlfD ETHANE 

1. Mercaptanb 

Thb simplest derivatives of methane and ethane containing 
Bulphur are the so-called laercaptans or sulphur aicokols. They 
can be made by a method similar to one described under the 
head of Alcohols. When a mono-halogen derivative of a hydro-" 
carbon, as brom-m ethane, CHjBr, is treated with the hydjoxide 
of a metal, as silver hydroxide, AgOH, an alcohol is formed : — 

CH,Br + AgOH = CHaOH -|- AgBr. 
So, also, when a similar halogen derivative is treated with a 
hydrosulpkide instead of a hydroxide, a compound is obtained 
which may be regarded as an alcohol in which the oxygen has 
been replaced by, sulphur: — 

CHjBr + KSH = CH,SH + KBr. 
The compound is called a mercaptan. 

Elthyl-meroaptan, C^Hs-SH- — This substance can be pre- 
pared by treating iodo-ethane, CaHjI, with an alcoholic solu- 
tion of potassium hydrosulphide, KSH; also by distilling a 
mixture of the concentrated solutions of potassium ethylsul- 
phate and potassium hydrosulphide : — 

^'JJ' > SO, -t- KSH = KaS04 -»- CsH,SH. 

It is a liquid of au extremely disagreeable odor; it boils at 36° ; 
and is difficultly soluble in water. 

The name mercaptan was given to it on account of its 
action towards mercury. It readily forms a compound in which 
mercury takes the place of hydrogen, {C2HjS)2Hg; and the 
name has reference to this power (mercurium cqptans). It 
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forms many other well-characterized metalHe derivatives like 
this mercury compound. 

When the sodium compound of mercaptan is exposed to the 
air, it takes up oxygen. So, also, when mercaptan itself is 
treated with nitric acid, it is oxidized, the product having the 
formula CaHj.SOaH. It will thua be seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
agents it conducts Itself quite differently. In the case of 
alcohol two atoms of hydrogen are replaced by one of oxygen. 
In the case of mercaptan three atoms of oxygen are added 
directly to the molecule. It will be shown that this new acid, 
"which, is called ethyl-sulpkonic acid, bears to sulphuric acid a 
relation similar to that which acetic acid bears to carbonic 
acid ; and that it bears to sulphurous acid a relation similar 
to that which acetic acid bears to formic acid. 

When treated with phosphorus pentachloride it yields a chlo- 
ride, CjHg.SOjOl; and, when this is treated with nascent hydro- 
gen (zinc and hydrochloric acid), it is reduced to mercaptan: — 
C,H. . S0,C1 + 6 H = C,H, . SH + HCl -I- 2 H^O. 

2. Sulphur Ethers 
These are compounds similar to the ethers. They contain 
sulphur in the place of the oxygen of the ethers. Such are 
methyl sulphide, (CHa)iS, aud ethyl sulphide, (CiHs)5S. These 
are made by treating brom- or iodo-methane or ethane with 
potassium sulphide : — 

2 CsKjI + K,S = (C,H,)sS -h 2 KI ; 
or by treating the sodium salt of methyl or ethyl-mercaptan 
with methyl or ethyl iodide: — 

C,H,. SNa + C,HJ = (C^J^S + Nal. 
They are liquids with very disagreeable odors. When oxi- 
dized they are converted into sulphones, two atoms of oxygen 

being added, thus ^'^' > S + O, = ^'^» > SO,. 
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3. SoLPHOKic Acids 



It vas stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula OaHj. SO3H, or ethylsul- 
pAonic acid. This is the representative of a large class of sub- 
stances which are commonly made by treating carbon compounds 
with sulphuric acid. These sulphonic acids can best be studied 
in connection with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown that, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place that may be represented thus: — 

C.H. + HOj.so,^"'"- 

Banzsne Beniene-aulphonlc acid 

The sulphonic acid thus obtained can also be made by oxi- 
dizing the corresponding mercaptan or hydrosulphide, CaHs- SH. 
Accordingly, the sulphonic acid appears to be sulphuric acid in 
which a hydroxyl has been replaced by the radical CgHj. Rea- 
soning by analogy, which, fortunately, is supported by other 
arguments, we may conclude that ethyl-sul phonic acid formed 
from ethyl-mercaptan bears a similar relation to sulphuric acid, 
and corresponds to the formula yQ'>SOi. So, also, methyl- 
sulphonic acid obtained by oxidation of methyl-mercaptan 
should be represented by the formula ^^'>SOj or CHb.SOjOH. 

Its relation to mlphurie acid is the same as tJiat of acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids can be pre- 
pared consists in treating a sulphite with a hal<^en substitu- 
tion-product. Thus ethyl-sul phonic acid can be prepared from 
potassium sulphite and iodo-ethane: — 

or C,H.I + ^^> S0,= ^^l > SO, + KI. 
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Accordisg to this reaction the sulphouic acids appear to be 
identical with the ethereal salts of sulphurous acid, but they 
do not conduct themselves like ethereal salts. The Bulphonic 
acids as a class are, for example, much more stable than the 
ethereal salts as a class, It would be premature at this stage 
to discuss fully the question as to their relations. Whatever 
we may call them, they are closely related to sulphurous acid, 
and are derived from it by the substitution of a radical for 
hydrogen, just as acetic acid may be regarded as derived from 
formic acid by the substitution of a radical for hydrogen. 
These relations are represented by the following formulas: — 



Acetic acid, CO < ^' Methyl-sulphonic acid, SOj < ^^* 

Any carbonic j-cQ^B Any sul phonic acid, SO,<J„ 
acid, i OH OH 

The difference between a sulphonic acid and an ethereal salt 
of sulphuric acid should be specially noticed. Compare for this 
purpose ethyl-sulphuric acid, ^ijo^^^' ^^^ ethyl- sulphonic 
acid, iio>S02, Both are monobasic acids, and both contain 
ethyl, but there is a difference of one atom of oxygen in their 
composition. The reactions of the substances are such as to 
lead to the conclusion that in ethyl-sul phonic acid the ethyl 
group is directly connected with the sulphur; and that in 
ethyl-sulphuric acid the connection is established by means of 
oxygen. The strongest argument in favor of this view is pet- 
haps that which is founded on the formation of the sulphonic 
acids by oxidation of the hydrosulphides or mercaptans. It 
can hardly be doubted that in ethyl-metcaptan the sulphur is in 
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direct combination with the ethyl ; or, to go still farther, that 
it ia in combination with carbon, as represented in the formula 

H 
HiC — C — S— H. Now, by oxidation of mercaptan, three atoms 

H 
of oxygen are added, and the simplest view of the reaction 
is that the sulphur is left undisturbed in its relations to ethyl, 
but that it has taken up the oxygen, as represented in the 
formula CjHj— SOj.OH. As has been shown, the oxygen can 
be removed i^ain by nascent hydrogen, and the resnlt is mer- 
captan. The study of the sulphonic acids in their relations to 
sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydrogen atom in place of hydroxyl, as represented 
in the formulas SOa<„„ and S02<-„; and, further, that in 
sulphurous acid one hydrogen is in combination with sulphur 
and the other with oxygen. 
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niTROGEN DERITATITES OF HETHAHE AlfD ETHANE 

The simplest compounds of carbon containing nittogen are 
cyanogen and hydrocyanic acid. Strictly speaking, neither can 
be regarded as a derivative of a hydrocarbon, unless indeed hy- 
drocyanic acid be regarded as inarsh gas, in Tvliich three hydro- 

gen atoms have been replaced by one nitrogen : C J and 

C I . That, however, is a mere matter of words, as there is 
nothing in the conduct of either substance, or in the methods 
of formation of hydrocyanic acid, that would lead US to suspect 
any relation between them. Though cyanogen and hydro- 
cyanic acid are therefore not to be considered as derivatives of 
the hydrocarbons, they form the starting-point for the prepa- 
ration of so many important compounds that they and their 
simpler derivatives must receive some attention at this stage. 

Cyanogen, (CN)|. — All organic compounds that contain 
nitrogen give sodium cyanide when ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyanogen itself 
is most readily made by heating mercuric cyanide, Hg(CN)i. 
The decomposition that takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing oxygen : — 

Hg(CN),= Hg + (CN),; 

HgO == Hg + 0. 
But, in heating mercuric cyanide, a black solid substance, ^jm- 
cyanogen, is formed, and remains behiud in the retort. It has 
80 
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the same composition as cyanogen, and although its molecular 
weight is not known, it is presumably a polymeric form of 
cyauc^Q. 

Cyanogen (from KuavK, blue) owes its name to the fact that 
several of its compounds hare a blue color. It is a colorless 
gas, which is easily soluble iu water and alcohol, and is extremely 
poiaonoua. It burns with a purple-colored flame. 

In aqueous solution, cyanogen soon undergoes change, and a 
brown amorphous body is deposited. The solution contains 
hydrocyanic acid, oxalic acid, ammonia, carbon dioxide, and 
urea. 

The compounds containing the cyanogen group, CN, may be 
compared with those containing the halogens. In them the 
cyanogen group plays the same part as the halogen atom in the 
halides. Thus we have ; — 



AgCl 


AgON 


KCl 


KCN 


Feci, 


re(CN), 



etc. etc. yi 

H7droo7anio acid, HON. — This acid, which is commonly 
called prusst'c acid, occurs in nature in amygdalin in combina- 
tion with other substances, in bitter almonds, the leaves of the 
cherry, laurel, etc. It is prepared by decomposing metallic 
cyanides with hydrochloric acid, aa represented in the equa- 

*'°" ' ~ KCN + HCl = KCl + HCN. 

It can also be made by treating chloroform with ammonia : — 

CHCla + NFT, = HCN +3HCI, ' 

or CHCl, + 5 NHj = NH^CN + 3 KH^Cl. 

It is a volatile liquid, boiling at 26.5°, which solidifies at — 15°. 
It has a very characteristic odor, suggesting bitter almonds. II 
is extremely poigotioua. It dissolves in water in all proportions, 
and it is this solution that is known as pmssic acid. Pure 
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hydrocyanic acid does not suffer decomposition when kept. 
When water oi ammonia is present, it decomposes and gives 
ammonia, formic acid, oxalic acid, and a brown substance. A 
Bmall quantity of a mineral acid, prevents this decomposition. 
By boiling with alkalies or acids it is converted into formic 
acid and ammonia (see p. 57). 

Hydrocyanic acid can be detected by the fact that when its 
solution is treated with an excess of caustic potash, and a 
solution containing a ferrous and a ferric salt is added, and the- 
mixture boiled, a precipitate of Prussian blue is formed when 
the mixture is acidified ; or, by adding yellow ammonium sul- 
phide to its solution, evaporating to dryness, and then adding a 
drop of a solution of ferric chloride. If hydrocyanic acid was 
present, the solution turns a deep blood-red in consequence of 
the formation of ferric sulpho-cyanate. 

Cyanides. — Hydrocyanic, like hydrochloric acid, forma a 
series of salts, which are called the cyanides. The cyanides of 
the alkali metals and of mercury are soluble in water. The 
cyanides of the heavy metals have a marked tendency to form 
double cyanides, and those double cyanides which contain an 
alkali metal are soluble in water. Hence, the precipitates 
formed by potassium cyanide, in solutions containing the heavy 
metals, are dissolved by excess of the cyanide. 

Potassium cyanide, KGH. — When anhydrous potassium 
ferrocyanide is ignited, potassium cyanide is formed according 
to this equation ; — 

KiFe(CN)j = 4 KCN -h FeC, + 5f ^ 
Plainly only two-thirds of the cyanogen is thus obtained in the 
form of the potassium salt. In order to obtain a larger yield 
of cyanide it has been customary to melt together potassium 
carbonate and fenocyanide. The reaction that takes place is 
represented thus; — 

K.FeCCN), + K,COj = 5 KCM + KCMO + CO, H-Fe. 
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The product contains potassium cyanate. Potassium cyanide, 
free from the cyanate, but containing sodium cyanide, is now 
made on the large scale by heating together dehydrated potas- 
sium ferrocyanide and metaHic sodium : — 

K.FeCCN), + 2 Na = 4 KCN + 2 NaCN + Fe. 
Potassium tyaoide is a violent poison. It dissolves easily in 
water. When the solution is boiled, ammonia and potassium 
formate are formed. The solution has an alkaline reaction 
due to hydiMjIysis : — 

KCN + HjO = HCN + KOH. 
It is decomposed by caibon dioxide and hence when exposed 
to the air it has the odoi of hydrocyanic acid. It precipitates 
cyanides fiom the solutions of almost all metallic salts. When 
added in excess it dissolves the precipitates, forming soluble 
double cyanides. A solution of potassium cyanide has the 
power to dissolve gold from powdered gold ores and it has 
come into extensive use for this purpose. 

Among the best-known double cyanides are the two salts, 
potassium ferrocr/anide and potassium ferrict/anide. The former 
is commonly cailed j/ellow prussiate ofpotasli, and the latter red 
prussiate of potash. 

Potassium ferrocyanide, 4 KCN.Fe (CNjj + SHsO.— 
This is made on the large scale by melting together, iu iron 
vessels, refuse animal stibstances (i.e., organic matter contain- 
ing nitrogen) with potassium carbonate and iron. The mass 
is treated with water, and the salt thus extraeted* then purified 
by crystallization. 

It crystallizes in large, lemon-yellow, monoclinic plates, 
soluble in about four parts of water at 15°. 

Experiment 24.' Make a mixture of 8 parts (lOW) dehydrated 
poUBsium ferrocyanide and 3 parts (60s) dry potaBsium carbonate. Fuse 

■ BxpertmsDM S4 iiiid it miy be paitpoa«l until una la taken up, when Omj nu/ be 
•nablned with the utlBeltl pcepusUon of nren. 
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in an iron crucible, at a low red heat, until a specimen taken out and 
placed on a BUine is white when solid. Then pour out on a flat, emooth 
stone, and afterwards break up and put in a dry bottle. 

When treated with dilute sulphuric acid, the ferrocyanlde 
yields hydrocyauic acid thus : — 

2[4 KCN.Fe(CN)s] + 3 H^SO, 

= 6 HCN + 2[KCy.Fe(CN),] + 3 K^O,. 
This reaction is the one actually made use of for the prepara^ 
tion of hydrocyanic acid. 

Potassium ferrocyanide is the starting-point in the prepara- 
tion of all compounds containing cyanogen. 

Potassium ferrioyanide, 3 KCN.Fe(CN)3. — This salt, 
known as red prussiate of potash, is prepared by oxidizing the 
ferrocyanide, either by means of chlorine or of potassium 
permanganate. 

Experiment 25. Dissolve 26k potassium ferrocyanide in 200™ cold 
water, and add 8« ordinary concentrated hydrocbloric acid. Into this 
pour alowly a cold solution of 2( of potassium permanganate in S00'° 
water. Tbe oxidation is complete wben a drop added to ferric chloride 
gives a brownish-red color, but no precipitate. Neutralize with challc, 
filter, and evaporate to crystallization on a toaler-bath. 

Potassium ferricyanide is easily soluble in water, and crys- 
tallizes from its concentrated solutions in large, dark-red, 
orthorhombic prisms. 

In alkaline solutions it is an excellent oxidizing agent. 
Reducing agents, such as hydrogen sulphide, sodium thiosul- 
phate (hyposolpTiite), etc., convert it into the yellow salt. 

(1) Prussian blue, (3) TuntbulPa blue, and (3) soluble /Vks- 
sian blue are complex double cyanides of iron represented by 
the formulas 
. (1) 4Fe(CN),.3Fe(CN)sorFe;"[Fe"(CN),]B'", 
(2J 3Fe(CN),.2Fe(CN), or Fe3"[Fe"'(CN)g]j'", and 
(3) KCN.Fe(CN)3.Fe(CN),orKFe"'[Fe"(CN),]'%re8pectively. 
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For a full account of the many compounds of the met^a and 
cyanogen, the studenfia referred to larger works. 

Cyanogen chlorides. — When chlorine ia allowed to act 
upon cyanides or dilute hydrouyanic acid, a volatile liquid is 
formed which has tlie composition repreaented by the formula 
CNCl. It» boils at 15,5", and its vapor acts upon the eyes, 
causing teara. It ia known as liquid ct/anogen chloride to dis- 
tinguish it from solid cyanogen chloride. The latter has the 
formula (GN)3C]a, and ia formed by treating anhydrous hydro- 
cyanic acid with chlorine in direct sunlight. The liquid 
variety is partially transformed into the aolid when kept in 
sealed tubes. 

Similar compounda of cyanogen with bromine and iodine are 
known. 

Cyanic acid, NOOH. — When a cyanide of an alkali is 

treated with an oxidizing agent, it takes up oxygen and is con- 
verted into a cyanate : — 

NCK -I- = NCOK. 

Experiment 2B.^ Dehydrate alowly 125! potassium ferrocyanide En 
an iron pan on a gas stove ; ponder the dried salt and beat gently i to 2 
hours. Fuse 75* potaasiam bichromate, cool, powder finely, and mix 
thoroughly with the ferrocyanide. Bring the warm mixture In small 
portions with an iron spoon into a shallow iron pan which ie heated suf- 
ficiently to cause the powder to glow and turn blact. Stir rapidly during 
the reaction. Powder the porous mass, bring it while still warm into a 
mixture of 450=" of 80 per cent alcohol and 50" metliyl alcohol in a litre 
balloon-flask and heat to boiling in a water-bath. The water in the bath 
should be boiling and the alcohol warm when the mixture containing the 
cyanate ia added. Boil for five minutes ; allow the undissolved part to 
settle and pour the clear solution through a plaited filter into a beaker 
standing in ice-water. The potassium cyanate separates as a heavy white 
crystalline powder. Shaking the fiask in ice-water hastens the crystal- 
lization. Let the salt settle. With the mother-liquor repeat three times 
without delay the extraction of the black mass, boiling ten minutes each 

» See Note, p. SS. 
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Ume. With tbe aid of a pump, filter each portion aa aoon aa obtained ; 
wash the united portions 'with ether; and dry'in a desiccator over sul- 
phuric acid. The ferroc^anide muat be anhydrous and the work must 
be done rapidly. The hot alcoholic solution must be cooled rapidly to 
prevent decomposition of the cyanate. 

Cyanic acid is readily decomposed by water yielding ammo- 
oia and carbon dioxide : — ' 

KCOH + H,0 = NH, + CO^ 

The potassium salt is easily soluble in water, but is decom- 
posed by it, yielding ammonia and potassium bicarbonate : — 
NCOK + 2 HjO = KHCOj + NH,. 

The most interesting salt of cyanic acid ia ammonium <^anate, 
NCO.NH,. It can be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water; 
but, if allowed to stand iu solution, or if its solution is heated, 
it is completely transformed into urea, which is isomeric with it. 
The interest connected with this transformation was referred 
to in the introductory chapter {p. 1). It will be treated of 
more fully under urea. 

Oyanuric acid, O^^Hfi) + 2 H^O. — This acid bears a re- 
lation to cyanic acid similar to that which solid cyanogen chlo- 
ride, (CN)3C1b, beai'8 to the liquid variety. It is made by 
treating the solid chloride with water, and also by heatiug 
urea. It is a crystallized substance. 

Sulpho-cyanio acid, NCBH. — Just as the cyanides of the 

alkalies take up oxygen and are converted into cyanates, so also 

they take up sulphur and are converted into sulpho-cyanates : — 

CNK + S = NCSK. 



Kxportment 27. Mix 46! dehydrated potassium ferrocyanide with 
]TK dehydrated potassium carbonate, 32> sulphur, and 2* powdered char- 
coai. Fuse the mixture in an iron pan on a gas stove until the masa has 
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become liqnid, and a Bample no longer precipitates Pruaaian bine when 
added to a solution of ferric cbloride, but turns tbe solution blood-red ; — 

K(Fe CCN)( + KjCOj + 8 S = 6 KCNS + FeSj + COj + O. 
The oxidation of the sulphur is prevenlfid by the charcoal. Pour the (used 
mass on an iron plate, break it up into a coarse powder, and bring it into 
a flask vitli 250™ alcohol. Boil with a return condenser (or ten minutes, 
and finally filter the hot solution, which contains only sulpho^yanate. On 
cooling, the salt orystallizea iu long colorless prisms. Pour o& the mother- 
liquor, aud use it to extract the residue again for a second crystallization. 
Evaporation of the mother-liquor will yield a third crystallization. The 
dried crystals should be preserved in well-stoppered botdea, as the salt is 
very hygroscopic. 

Potassium sulpho^anate crystallizes in long striated prisms 
■without water of crystallization. It is deliquescent. When 
dissolved in water the temperature sinks markedly. When 100 
parts of water of 10.8° are mixed with 150 parts of the salt, the 
temperature sinks to — 23.7°. By evaporation of the solution, 
the salt can be recovered. 

Experiment 28. Dissolve some potassium sulpho-cyanate in water, 
and note the temperature before and after introducing the salt. 

Ammonium aulpko^anate, NCS.NHi. This salt is most 
easily prepared by treating carbon bisulphide with concen- 
trated alcoholic ammonia: — 

CS, -I- 4 NH, = CNS.NH. +{NH,)jS. 

Experiment 20. Mix 240°° strong aqueous ammonia, 240" alcohol, 
and Ml carbon bisulphide. Allow the mixture to stand for one or more 
days. Then distil down to one-third of tbe original volume, and filter 
while still, hot the solution left in the flask. On cooling, ammonium 
eulpho-cyanale will crystallize out. 

The salt crystallizes in plates. It melts at 130°-140°, and 
at this temperature is partly transformed into the isomeric 
substance sulpho-urea. (Analogy to transformation of ammo- 
nium cyanatc.) 

Having thus dealt with some of the more important simpler 
cyanogen compounds, let us now return to the nitrogen de- 
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rivatives of the hydrocarbons. For conTeQience, these may be 

divided into three classes : — 

(1) Those which are related to cyanogen; 

(2) Those which are related to ammonia; 

(3) Those which are related to nitric acid. 

Cyanides 
Methyl cyanide, OHjCN. — This compound is formed by 
distilling a mixture of potassium methyl-sulphate and potas- 
sium cyanide: — 



K 



> S0« + KCN = K^O, + CHaCN. 



It is a liquid boiling at 82°. 

According to the method of preparation, it must be regarded 
as an ethereal salt of hydrocyanic acid, containing methyl in 
the place of the potassium of the potassium salt. 

Ethyl cyaiLide, CaHcCN. — Formed like the methyl com- 
pound. Also by heating chlor-ethane with potassium cya- 
nide: — 

C,HjC] + KCN = CjH,.CN + KCl. 

It is a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) that which is effected by caustic alkalies, and (2) that 
effected by nascent hydrogen. 

When methyl cyanide is treated with caustic potash, it yields 
acetic acid and ammonia; — 

CH,.CN + H,0 + KOH = CH3.C0iK + NH^ 

This reaction is strictly analogous to that which takes place 
with hydrocyanic acid, yielding formic acid (see p. 57). In 
the same way ethyl cyanide yields an acid of the formula 
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CaHjOa (or CjH, . COjH). Thus, by making a cyanide, we have 

it in our power to make an acid containing tlie same number of 
carbon atoms. 

This reaction, therefore, makes it possible to pass from an 
alcohol to an acid containing one atom of carbon more than 
the alcohol contains. It has been of great service in the study 
of the compounds of carbon. 

HoTB FOB Stcdent. — Show how, by starting with methyl alcohol, 
acetic acid maj be made b; passing through the cyanide. 

There are two ways in which the cyanogen group can be 
linked to methyl in methyl cyanide ; viz., either by the carbon 
atom, aa represented in the formula HjC — C — N, or by the 
nitrogen atom, as represented thus, HjC — N — C. The ease 
with which the nitrogen is separated from the compound, leav- 
ing the two carbon atoms united, as shown in the reaction with 
caustic potash, naturally leads to the conclusion that the former 
view is the correct one. If it is correct, it would appear to 
follow that in potassium cyanide the potassium is in combi- 
nation with carbon, as represented in the formula K — C — N, 
and further that in hydrocyanic acid the hydrogen is in combi- 
nation with carbon, as shown thus, H — C — N. 

In. consequence of the close relation existing between the 
cyanides and the acids, the former are often called the nUrilea 
of tl;^ft gp.iij s. Thus methyl cyanide, which is converted into 
acetic aeid by boiling with caustic potash, is called the nitrile 
of acetic acid, or aceto-nitrile. In the same way hydrocyanic 
acid itself may be regarded as the nitrile of formic acid, or 
formo-nitrile. 

When methyl cyanide is treated with nascent hydrogen, 
it is converted into a substance which closely resembles am- 
monia, known as etkyUimine. It will be shown to bear to 

fCiiH. 
ammonia the relation indicated by the formula NJ H ; i.e., it 
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is ammonia in which one hydrogen has been replaced by ethyl. 
The reaction may be represented by the equation ; — 

f fCjH.l 

HaC-C-lf + 4H=!HsC-HjC~NH, orN H . 

I Ih J 

This transformation strengthens the conclusion already reached, 
that the two carbon atoms in methyl cyanide are directly united. 
If this were not the case, it is difficult to see how a compound 
containing ethyl in which the two carbon atoms are unques- 
tionably united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amine when treated with 
nascent. hydrogen, so hydrocyanic acid yields methyl-amine, 

[CH, 
nJh : — 

U f fCHJ 

H-C-N+4H = H,C-NHs orN H . 

l Ih J 

The amines, or substituted ammonias, will be treated of 
more fully hereafter. 

Is OC TAX IDES OR CaRB AMINES 

If, in making an ethereal salt of hydrocyanic acid from a salt, 
the silver salt is used, a compound is obtained having the same 
composition as the cyanide, but differing very markedly from it. 
The substance thus obtained is called an isoct/anide or carbamine. 

Ethyl iBooyanide or ethyl carbamine, G^HtNG. — ^This 
compound is obtained when silver cyanide and iodo-ethane are 
heated together : — 

CjH,I + AgNC = CHsNC + Agl. 
It is also formed when chloroform and ethyl-amine (see above) 
are brought together : — 

(Cfl, 
CHC1, + N H =C,H,NC+3HC1. 
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It is a liquid boiling at 78.1°. It is characterized by an eos- 
tremely disagreeable odor. The methyl compound obtained by 
tbe same method boils at 59.6°, but otherwise has properties 
almost identical with those of ethyl isocyanide. 

The reactions of these substances are quite different from 
those of the cyanides. They are decomposed only with great 
difficulty by the caustic alkalies ; but, when treated with dilute 
hydrochloric acid, they undergo an interesting change, which 
is represented by the following equation in the case of the 
methyl compound : — 

CHs.NC + 2H,0 = CH3-NHj + H.CO,H. 

Uelbfl HDlne Formic usld 

This reaction indicates that in the isocyanides the cyanogen 
group is united to the radical by means of nitrogen, as repre- 
sented by the formula HjC — N — C. Hence it is, in all prob- 
ability, that when they undergo decomposition the nitrogen 
remains in combination with the radical, while the carbon of 
the cyanogen group passes out of the compound. The conduct 
of ethyl isocyanide is represented by the equation : — 
C,H,.KC + 2 HjO = C,H, ~ KH, + H.CO|H. 

The reactions of the cyanides and of the isocyanides, and 
the concbisions drawn from them, admirably illustrate the 
methods used in determining the structure of compounds of 
carbon; and they are especially valuable, as the connection 
between the facts and the conclusions, as expressed in the 
formulas, can be traced so clearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
cyaaides, while the potassium and other salts yield cyanides 
with the halogen derivatives of the hydrocarbons, leads to the 
suspicion that in silver cyanide the metal may be in combina- 
tion with nitrogen and not with carbon, while in the potassium 
salt it may be in combination with carbon. Another possible 
view is that the cyanides in general have the constitution 
HN : C, in which M represents a univalent metal. When 
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ethyl iodide acts upon potassium cyanide, the principal reactioD 
is direct addition : — 

KN : C + CjH J = KN : C < ^'^K 

If the product should break down with elimination of potas- 
sium iodide, the result would be a cyanide, N I C.GjHy In the 
case of silver cyanide the first action may be this: — 

1/ 

The addition product thus formed ■would then break down into 
silver iodide and the isocyanide CaHjN : C. 

A fact to be borne in mind in connection with the peculiar 
relations between the cyanides and the isocyanides is that it 

I has been shown that some of the isocyanides are transformed 
into cyanides by heat. 

Taking into consideration the facts presented by hydrocyanic 
acid and the cyanides, it seems not improbable that the acid is 
capable of assuming both forms represented by the formulas 
HN : G and N ■ CH, and that the salts are derived from one or 
the other of these forms or both. Phenomena of this kind are 
not uncommon. A compound that can change from one iso- 
meric form to another or that reacts as though it had two 
different formulas is called a tautomeric compound. The phe- 
nomenon is called tautomerism. ^ 

Experiment 30. The odor of the isocyanEdes, as has been stated, is 
extremely disagreeable, and Id conceiitra,ted form it is almost unbearable. 
A vivid impression in regard to tliia property may be produced by the 
following experiment. In a test-tube bring together a Utile clilorotonn, 
aniline, and alcoholic potash. The reaction takes place at once. It ia 
better to perform the experiment out-of-doors, and in such a place tliat 
the tube with its contents can be thrown away without molesting any 
one. The aniline used Is a substituted ammonia analogous to metbyl- 
amine, containing the radical CgHg in place of methyl. The isocyanide 
formed baa the formula CgUc.NC. 
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CtANATBS and I80CYANATE8 ^^ 

Two series of compounds bearing to cyanic acid much the 
same relation that the cyanides and isocyanides beat to hydro- 
cyanic acid may be expected. 

The ci/anates of the formula It — — CN have not yet been 
obtained. 

In the isocyanates (first called cyanates) the radical is 
believed to be united to the cyanogen by means of nitrogen, as 
represented thus, CHj — H" — CO. The isocyanates are made 
by distilling potassium cyaoate with the potassium salt of 
methyl- or ethyl-sulphuric acid. They can be made also by 
bringing together the iodides of radicals, or iodo-methane and 
silver cyanate. They are very volatile substances, which have 
penetrating and suffocating odors. 

The isocyanates readily yield substituted ammonias, just as 
the isocyanides do : — 

C,H, - K - CO + H,D = CjH, . KH, + COj ; 
CHj - N - CO -H H,0 = CHj .NH, -|- CO^ 

S UL PHO-C Y AN ATE8 

The ethereal salts of sulpho-cyanic acid are easily made by 
distilling potassium sulpho-cyanate and the potassium salt of 
methyl- or ethyl-sulphuric acid : — 

CHa ^ gQ^ _|_ j^g^jjj ^ CHaSCK -|- K^O,. 

The ethyl compound, which is very similar to the methyl com- 
pound, is a liquid boiling at 142°. 

When boiled with nitric acid, it is oxidized to ethyl-sulphonic 
acid. Now, it has been shown above (see p. 78), that in ethyl- 
sulphonic acid the ethyl in all probability is in combination 
with the sulphur. It hence follows that, in the sulpho-cyanate 3 
obtained from potassium sulpho-cyanate, the radical is also 
in combination with sulphur, as indicated in the formula, 
CjHj — S — CN. This view is supported by the fact that 
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ethyl sulpho-cyanate readily yields ethyl-metcaptan wheB 
treated with nascent hydrogen.' 

The sulpho-cyanates are converted into iso-aulpho-cyanates 
or mustard-oils by heat. 

ISO-SULPHO-CYANATES OK MuSTARD-OllS 

A number of compounds isomeric with the sulpho-cyanates 
are known. The best-known member of the claas is ordinary 
muatard-oil. Hence they are generally called mustardroila. 
The mustard-oils are made by means of a series of somewhat 
complicated reactions, which it is rather difficult to interpret 
without a comparison with some similar reactions that take 
place between simpler substances. 

When dry ammonia and dry carbon dioxide act upon each 
other, so-called anhydrous ammonium carbonate is formed. 
This is really the ammonium salt of carbamic acid, OC<oh 
Its formation is represented thus : — 

C0. + 2NH.= 0C<™J,_. 

How, remembering that carbon bisulphide is similar to carbon 
dioxide, and that ethyl-araine is similar to ammonia, we can 
readily uadei'stand the reaction which takes place when these 
two substances ate brought together; — 

NHC,H, 



The product formed is the ethyl-ammonium salt of the acid 
SC<„ ' *, which is called ethyl-sulpho-carbamic acid. 
When the ethyl-ammonium salt is treated with silver nitrate, 
the corresponding silver salt, SC<„ ' ', is precipitated. 
Finally, when this is boiled with wat«r, it breaks up, yielding 
«(Aj/i muatard-oil, silver sulphide, and hydrogen sulphide : — 

2 SC < ™*^'^' = 2 SC - NCjH, + HjS + Ag,S. 
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Ethyl mustard-oil is an oily liquid tliat does not mix with 
water. It has a vety penetrating odor, and acts upon the 
mucous membranes of the eyes and nose in the same way as 
ordinary oil of mustard. 

Some of the arguments have been stated which lead to the 
view that in the sulpho-cyanates the radical is in combination 
with sulphur. The reactions of the mustard-oils lead just as 
clearly to the conclusion that in them the radical is in com- 
bination with nitrogen. In the first place, they are made from 
the amines. Again, when heated with dilute mineral acids, 
ethyl mustard-oil is hydrolyzed, yielding etkyl-amine, carbon 
dioxide, and hydrogen sulphide : — 

SC - NCjHj + 2 HjO = CjHjNHj + HjS + COj. 
And further, nascent hydrogen converts it into etkyl-amine and 
formic thioaldehyde (i.e., formic aldehyde in which the oxygen 
has been replaced by sulphur) : — 

SC - NCjH, + 4 H = CaHj-NHj + HjC3. 
Thus, as has been shown, the sulpho-cyanates yield mercaptans 
with nascent hydrogen, while the iso-sulphoK:yanates yield sub- 
stituted ammonias. These facts point' to the relations ex- 
pressed in the formulas, R — S — CN for the sulpho-cyanates, 
and R — N — CS for the iso-sulpho-cyanates or mustard-oils. 



In reviewing now the compounds of the hydrocarbons which 
are related to cyanogen, we see that there are two isomeric 
series of these, the names and general formulas of which aie 
given below ; — 
Cyanides, R— C~N .... Isocyanides orl_ ^p 

Carbamines, J 
Cyanates, 11-0-01? .... Isocyanatea, R-K-CO. 
Sulpho-cyanates,R— S— CN . . Iso-sulpho-cya- l 

natesorMus-J 

tard-oils. 
Of these all are known except the cyanates. 
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Substituted Ammonias 
When brotn-ethane or a similar aubstitution-pioduct is 
treated with ammonia, the reactions represented by the fol- 
lowing equations take place step by step ; — 

CjH.Br + NH, = NHj(C,H.)Er; 

CH.Br + NHi(C,Hj) = NHs(C,H.),Br ; 
C,H,Br + NH(C,H,), = NH(CjHj)3Br ; 
C,H,Br + N(CtHj), = N(C,H,)4Br. 
The products thus formed are salts resembling ammonium 
salts. When the first three are distilled with potassium 
hydroxide they are decomposed, just as ammonium bromide 
would be. Only instead of ammonia and potassium bro- 
mide, the compounds etkyl<imine, NHj-CsHs, di-elhyl-amine, 
NH(CjH()j, and Iri-elhyl-amirie, N(OiHs)s, are obtained. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of the hydrogen atoms 
respectively by ethyl. The last product of the series of re- 
actions represented above may be regarded as ammonium 
bromide, NH^Br, in which all four hydrogen atoms are re- 
placed by ethyl groups. 

The decomposition by potassium hydroxide of the ?rst two 
salts is represented thus : — 

NHa(CsH,) Br + KOH = NH,(C,H,) -f- KBr + H^ ; 
NHs(G,Hs)sBr + KOH = NH(C,H,)j + KBr -|- H/). 

Methyl-amme, NHg.GH,- — This compound can be pre- 
pared by treating iodo-methane with ammonia, the direct 
product of the reaction being methyl-ammonium iodide, 
NH,(CH,)I: — 

CH,I -I- NH, = NH,(CH,)I. 
It was first made by treating methyl isocyanate, CHj — N — CO, 
with caustic potash : — 

CH, - N - CO -I- H,0 = NH,. CH, -f- CO;, 

D,a,l,zc.bvG00gIe 



DI-METHYL-AHINB 97 

It has been stated that it is formed by treating bjdroeytuuo 
acid with nascent hydrogen : — 

HCN + 4H = NH,.CH,. 

It occurs in nature in herring brine, in Mercuriaiis perennis, 
and is one of the products of the distillation of animal matter 
as well as of wood. 

Methyl-amine is a gaa that is easily condensed to a liquid. 
It smells like ammonia and fish. It burns with a yellow flama 
It is more strongly basic and more soluble in water than am- 
monia, 1 volume of water at 12.5° taking up 1150 volumes of 
the gas. This solution acts almost exactly like a solution of 
ammonia in water. It is strongly alkaline. It precipitates 
many metallic hydroxides from solutions of their soluble salts, 
but, unlike ammonia, it does not dissolve precipitated hydrox- 
ides of nickel, cobalt, and cadmium when added in excess. It 
dissolves aluminium hydroxide. i 

Methyl-amine forms salts with acids in the same way that 
ammonia does ; that is, by direct addition. The action towards 
nitric and sulphuric acids takes place in accordance with the 
following equations : — 

NH,CHa-t-HNOa= (NH,CHa)lfOsi 
2 KHjCHs + HjSO, = (NHaCH,)iSO,. 

These salts are called methyl-ammonium nitrate and methyl- 
ammonium sulphate respectively. 

Di-methyl-amine, NH(CH»)i!- — This is formed by heating 
iodo-methane with alcoholic ammonia : — 

2CH,I-|-2NHa = NH(CH,),.HI-|-NHJ. 

It is formed, together with methyl-amine, as a product of 
the distillation of wood. 

It is a gas which condenses to a liquid at -|- 7.2°. Its prop- 
erties are much like those of methyl-amine. 
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Tri-methyl-amine, N(OH»)j. — Tri-methyl-amine is formed 
as one of the products of the treatment of iodo-methane with 
ammonia. It occurs widely distributed in nature, as in the 
blossoms o f the hawthorn, the wild cherry, and the pear. It 
la contained in herring brine, and is a common product of the 
decomposition of organic substances that contain nitrogen. 
It is now obtained in large quantitiea from the Bo-cailed " yin- 
asse." This is the waste liquid obtained in the refining of 
beet sugar. When the " vinasae " ia evaporated to dryness, 
tri-methyl-amine ia given off among the volatile products. It 
is collected as the hydrochloric acid salt, N{CHj,)j,HCl, which, 
when heated to 260°, yields ammonia, tri-methyl-amine, and 
chlor-methane : — 

3 N(CH,)sHCI = 2 N(CH,)s + NH, + 3 CHjCl. 
The chlor-methane is utilized for the purpose of producing low 
temperatures. 

Tri-methyl-amine is a liquid boiling at 9° to 10°. It has a 
strong ammoniacal and fishy odor. It ia very soluble in water 
and alcohol, and ia a strong base. 

The ethyl-amines are very much like the methyl compounda, 
and hence need not be specially described. 

When tri-ethyl-amine is brought together with iodo-ethane, 
the two unite, forming the compound tet rare thy 1-animonium 
iodide, N(CjH(),I, which is to be regarded as ammonium iodide, 
in which all four hydrogen atoms have been replaced by ethyl 
groups. If silver oxide is added to the aqueous solution of the 
iodide, silver iodide is formed, and by evaporation of the liquid 
crystals of tetra-ethyl-ammonium hydroxide, N(C,Hi)40H, are 
obtained. This is plainly the hypothetical ammonium hydrox- 
ide, in which the four ammonium hydrogens have been replaced 
by ethyl. Its solution acts almost like caustic potash. It is 
very caustic, attracts carbon dioxide from the air, saponifies 
(see p. 71) ethereal salts^ and gives the same precipitates as caus- 
tic potash. It is so strong a base that neither potassium nor 
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Bodiuin hydroxide can separate it from its salts. The reactions 
of the substituted ammonias above described make it certain 
that they aie closely related to ammonia. The methods of 
formation also point clearly to the same conclusion. This 
relation is best expressed by the formulas above given. .^ 

Another method for the formation of substituted ammonias 
in which but one radical is present, as efchyl-amine, NHi.CjH,, 
or in general NHj.R, consists in treating with nascent hydro- 
gen, compounds known as nUro-compouTids, which are substi- 
tution-products containing the group NO] in the place of 
hydrogen. Thus, for example, when nitro-methane, CH,,NO, 
(which see), is treated witii hydrogen, the reaction that takes 
place is represented thus : — 

CH,.NO, + 6H = CH,.NH5 + 2HsO. 
In connection with another series, it will be shown that this 
reaction is a most impoi'tant one, from a practical as well as 
a scientific point of view. It may be said in anticipation that 
the manufacture of aniline, and consequently of all the many 
valuable dye-stuffs related to aniline, is based upon this 
reaction. 

Just as we may look upon methyl-amine and the related com- 
pounds, as ammonia, in which one hydrogen atom is replaced by 
methyl, so also we may regard them, and with equal right, as 
marsh gas, in which hydrogen has been replaced by the group 
or residue NH,. Owing to the frequency of the occurrence of 
this group in carbon compounds, and for the sake of simplify- 
ing the nomenclatiii-e, the group has been called the amino 
group, and the bodies containing it amino-compounds. Thus 
the compound NHa-C^H, may be called either etliyl-amine or 
amino-ethane, etc. 

Similarly, those substituted ammonias which contain two 
hydrocarbon residues, as di-ethyl-amine, NH (CjH,),, are called 
imino^orapoundit, and the group NH the iraino group. Sub- 
stituted ammonias containing one hydrocarbon residue are 
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called primary ammonia bases. Those containing two residues, 
as di-cthyl-amiue, NH (C^j);, are known as secondai-y aw/monia 
bases; and those containing three residues, as tri-ethjl-amine, 
N(CH,)3, are called tertiary ammonia bases. 

Among the most important of the reactions of amino-com- 
pounds or primary bases is that which takes place when they 
are treated with nitrous acid. Take ethyl-amine as an illus- 
tration. In order to understand what takes place when this 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified ammo- 
nia, and hence we may expect that its reactions will be 
modifications of those which take place with ammonia. Thus 
with nitrous acid ammonia unites directly to form ammonium 
nitrite : — 

NHg + HNO,= NH,.NO, 

So also ethyl-amine forms ethyl-ammonium nitrite : — 

NH^CjH. -I- HNO, = NH,(C,H,).NO^ 

Ammonium nitrite breaks up readily into free nitrogen and 
water: — 

NH,.NO, = N, -1- HjO -1- H,0. 

So also ethyl-ammonium nitrite breaks up into free nitn^en, 
water, and <dco1iol : — 

NHa{CjHj)NOj = H", -I- HjO + C,H,.OH. 

The two reactions are strictly analogous. As in the second 
case we start with a substituted ammonia, we get as a product 
a substituted water or alcohol. 

This reaction has been used extensively in the preparation 
of compounds containing hydroxyl. For ordinary alcohol, 
as is clear, it is not a convenient method of preparation ; but it 
will be shown that there are hydroxides for the preparation of 
which it is by far the most convenient method. The essential 
character of the transformation efEected by it will be best under- 
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stood by comparing the formulas of the amino-com pound and 
the alcohol. We have ethyl-amine, CaHj.NHa and from it we 
get alcohol, CjHs.OH. Thus it will be seen that the trans- 
formation consists in replacing the amino group by hydroxy!. 

Hydrazine Compounds ■ ^ 

There is an important class of compounds, the members of 
which bear the same relation to the compound hydrazine, NjH,, 
(H^ — NH]), that the substituted ammonias bear to ammonia. 
The reactions by which they are prepared are somewhat com- 
plicated, and cannot well be discussed at this stage. The best- 
known hydrazines are those related to the hydrocarbons of the 
benzene series, as, for example, phenylhydrazine, CeHj.NH.NHa. 

Nl TBO-CO M POUN D8 

Reference has already been made to a class of compounds con- 
taining the group NOi, and known as nitro-com pounds. They 
are moat readily made by treating the hydrocarbons with nitric 
acid. This method, however, is not applicable to the hydro- 
carbons, methane and ethane and their homologues, as these are 
not readily changed by nitric acid. The hydrocarbon benzene, 
CgHg, is very easily acted upon by nitric acid, when the reac- 
tion represented by the following equation takes place : — 
C^e -i- HONG, = C.HsNOj -|- H,0. 

The action is like that which takes place between sulphuric 
acid and benzene, which gives the sulphonic acid CjH,.SO)OH 
or * J>SOi. (See p. 77.) In each case a hydrosyl of the 
acid is replaced by a residue of the hydrocarbon. The product 
in the case of the dibasic acid, sulphuric acid, is itself still 
acid, while the product in the case of the monobasic nitric 
acid is not an acid. 

The nitro-derivatives of methane have been made by a reac- 
tion which we should expect to yield ethereal salts of nitrous 
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acid; namely, by treating iodometliane or ethane with silrei 
nitrite:— CH.I +AgN0«=.CH3N0, + Agl. 
The compound CHjNOss which is known as nitro-methane, does 
not conduct itself like the ethereal salts of nitrous acid. Methyl 
nitrite, CHjO.NO, can be saponified j nitro-m ethane cannot. 

NoTB FOB Stltoent. — Compare the reaction juat referred to with that 
which takes place between silver cyanide and iudo-methane ; and that 
which takes place between iodo-ethane and potassium sulphite. What 
analogy is there to the former and to the latter ? 

It has already been stated that the nitio-derivativea are con- 
verted by nascent hydrogen into the corresponding amino- 
derivativea (see p. 99). 

Note fob Student, — Write the equations representing the reactions 
by which methyl atcobol can be converted into metbyt-amine by means 
of the nitro-compound. 

Nitroform, CH(N02)3, as the formula indicates, is the tri- 
nitro-derivatiue of methane, or tri-nitro-methane. It is con- 
verted into tetra-nitro-methane, C{NOj)„ when treated with a 
mixture of concentrated sulphuric and fuming nitric acids. 

Nitro-ohloroform, CCNOjjClj, called also chlorpierin, and 
nitro-trichlormetkane, is formed by distilling methyl or ethyl 
alcohol with common salt, saltpetre, and sulphuric acid. It is 
formed from a number of more complicated nitro-com pounds, 
as picric acid, by distilling them with bleaching powder or 
hydrochloric acid aod potassium chlorate. 

NlTBOSO- AND ISONITROSO-OOMPOUNDS 

When a compound containing the group CH is treated with 
nitrous acid, a reaction takes place, which is represented thus : — 

RjCH + HO.NO = RaC.NO -I- H,0. 
The product EjCNO, which is derived from the original sub- 
stance by the substitution of the group NO for a hydrogen 
atom, is called a nitroso-compound. By oxidation the nitioso- 
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compounds are converted into nitro-compounds, and by reduc- 
tion they yield the same products as the corresponding nitro- 
compounds, that is to say, the amines. 

The isonitrosocompounds are isomeric with the nitrosomom- 
pounds. They are formed when acetones or aldehydes are 
treated with hydroxylamine, NHj.OH. The reaction may "be 
represented thus r — 

CH, CHa 

I I 

CO + HjN.OH = C=K - OH -I- H,0. 

I I 

CH, CHj 

The hydrogen of the hydroxyl has acid properties. The 
isonitroso-compounds are readily hydrolyzed by hydrochloric 
acid, yielding, as one of the products, hydroxy lam ine. They 
are generally called oximes. 

As hydroxylamine reacts in this way with all aldehydes 
and with all ketones, it is a valuable reagent for compounds 
belonging to these classes. 

Fulminio aoid, CNOH, according to recent investigations, 
appears to be an isonitroso-com pound, and for that reason finds 
appropriate mention in this place. The principal compound 
of fulminic acid is the mercuric salt, CjNjOaHg, commonly 
known as fulminating mercury. It ia prepared by dissolving 
mercury in an excess of strong nitric acid, and adding alcohol 
to the solution. It is extremely explosive. Mixed with potas- 
sium nitrate it is used for filling percuss ion -caps. 

When fulminating mercury is treated with concentrated 
hydrochloric acid, it yields hydroxylamine and formic acid. 
Fulminic acid appears, therefore, to be an isonitroso-com pound. 
It is probably the oxime of carbon monoxide, and should be 
represented by the formula C = N — OH. As will be seen, 
fulminic acid is isomeric with cyanic and eyanuric «cida (see 
pp. 85 and 86). 
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CHAPTER VII 

DBMTATIVZS OF METHAHE AMD ETHAITE CONTAINING 
PHOSPHORUS, ARSENIC, ETC. 

Phosphorus oompounda- — Corresponding to the amines 
or substituted ammonias are the phosphines, which, as the name 
implies, are related to phosphine, PHj. Methyl-phosphine, 
PH^CHj), di-methyl-phosphine, PH(CH,)s, and tri-methyl- 
phosphine, F(CHa)|, may be taken as examples. 

These substances, like the corresponding amines, form salts 
with acids, though not as readily. The hydroxide, letrorethyl- 
pkospkonium hydroxide, P(CiHj)iOH, is a very strong base, 
though not as strong as the corresponding nitrogen deriva.tive. 

The phosphines have one marked property which distin- 
guishes them from the amines, and that is their power to take 
up oxygen and form acids. Thus, ethyl-phosphine, PHj.CjHj, 
when treated with nitric acid, is converted into ethyl-phospkimc 
add, P0(C,Hj)(OH)j, a dibasic acid, bearing to phosphoric acid 
the same relation that a svlphonic acid bears to sulphuric acid. 

s of 

Di-ethyl-phosphine, PH(CsH5)j, yields di-ethyl-phospkintG acid, 
PO(CiHt),OH, when oxidized. 

These compounds are not commonly met with, and do not 
play a very important part in the study of the compounds of 
carbon. 

Arsenio oompounda. — The most characteristic carbon 
compound containing arsenic is that which is known as cacodyl, 
a name given to it on account of its extremely disagreeable 
odor (from Kaxiaitp, stinking). It is prepared by distilling a 
mixture of potassium acetate and arsenic trioxide. The reac- 
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tioas whicli take place are very complicated, and many products 
are formed. Chief among the products is cacodyl oxide : — 
4 CHa-CO^K + AsA = [(CH3),As],0 + 2 K^COs + 2 CO,. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CHj)8AsCl ; and, when the chloride is treated 
with zinc, cacodyl itself is produced. Its analysis and the 
determination of its molecular weight lead to the formula 
AsjC,H|„ which in all probability should be represented thus : 
fCH'^°As/ ' Cacodyl appears therefore as a compound analo- 
gous to the hydrazines referred to above. (See p. 101.) 

NoTB FOB Stddemt. — In what does the analogy coiiBist ? 

Many derivatives of cacodyl have been made, but theit study 
would hardly be profitable at this stage. 

Zino ethyl itself is made by treating iodo^thane, C^H,!, 
with zinc alone or with zinc sodium. The reaction takes place 
in two stages. First by addition, a compound of the formula 

Zn<j, jj is formed. When this is distilled, zinc ethyl and 

zinc iodide are formed : — 

2 Zn < J, jj = Zn(C,H.)2 +ZnI^ 

It is a liquid boiling at 118°. It takes fire in the air, and burns 
with a white flame. 

Sodium ethyl, G^HiHa, can be obtained in combination 
with zinc ethyl by treating the latter with sodium. Both 
these compounds have been used to a considerable extent in 
the synthesis of carbon compounds, particularly the more com- 
plex hydrocarbons, and they will be frequently referred to in 
the following pa^s. 

Note foe Stodknt. — What is formed when Bodium methyl and 
carbon dioxide are allowed to act upon each other ? 
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Many of the derivatives, like the above, are volatile liquids. 
Such, for esampte, are mercury ethyl, Hg(CjHj)j, alumiuium 
ethyl, A](C)Hj)a, tin tetrethyl, Sii(CaHj)<, and silicon tetrethyl, 
Si(CjHj),. The study of these compounds has been of assist- 
ance in enabling chemiats to determine the atomic weights of 
some of the elements which do not form simple volatile 
compounds. 

Griemard's reactions. — When magnesium powder is added 
to a solution of an organic hatide, such as methyl iodide, ethyl 
bromide, etc., in anhydrous ether, magnesium enters into com- 
bination with the halide, forming a compound that reacts 
with great ease with a variety of substances. The reactions 
having been first described by Grignard are known by his 
name. A simple example is that indicated below: — 
CHJ -I- Mg -I- {C^TI,)fi = CHsMgl .(CjH,)^0. 
2CH3 Mgl + 2HiO = 2CH4 + Mg(OH), -f- Mglj. 

This particular reaction, as will be seen, affords an easy 
method of passing from methyl iodide to methane. 

Retrospect 
In the introductory chapter (p. 19) these words were used in 
describing the plan to be followed: "Of the first series of 
hydrocarbons tioo members will be treated of. Then the de- 
rivatives of these two will be taken np. These derivatives will 
serve admirably as representatives of the corresponding derivar 
tives of other hydrocarbons of the same series and of other 
series. Their characteristics and their relations to the hydro- 
carbons will be dwelt upon, as well as their relations to each 
other. Thus by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been discussed, the entire series of ■ 
hydrocarbons will be taken up briefly, only such facts being 
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dealt witli at all fully as are not illustrated by the first two 
members." 

In accordance witti the plan thus sketched we have thus far 
studied the principal derivatives of the two hydrocarbons, 
methane and ethane, so far as these derivatives represent dis- 
tinct classes of compounds. These derivatives were classified 
first into (1) those containing halogens; (2) those containing 
oxygen; (3) those containing sulphur; and (4) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that the halogen derivatives, such as chlor-methane, 
brom-ethane, etc., bear very simple relations to each other; 
We found that under the head of oxygen derivatives, the most 
important and most distinctly characteristic derivatives of 
hydrocarbons are met with ; as, the alcohols, ethers, aldehydes, 
acids, et/ierecU salts, and ketones. The sulphur derivatives, 
some of which closely resemble the oxygen derivatives, include 
the sulphur alcohols or ntercaptans, sulphur ethers, and stilphonic 
adds. 

On beginning the consideration of the nitrogen derivatives 
we found it desirable first to take up certain derivatives con- 
taining the cyanogen group, among which ai'e cyanogen, hydro- 
cyanic acid, cyanic acid, and sulpho-cyanic acid. Many interest- 
ing carbon compounds are closely related to these fundamental 
compounds. Such, for example, are the cyanides and isoc^ 
anides, the cyanatea and isoeyanates, the sulpho-cyanaies and 
iao-sulpho^anates or mustard-oils. Following the compounds 
related to cyanogen, we took up the interesting compounds 
which are related to ammonia, the substituted ammonias qt 
amines. Then came the nitro-derivatioes ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importance that the student shoidd 
master the preceding portion of this book. If he studies care- 
fully the reactions that have been treated of, which are state- 
ments in chemical language that tell us the conduct of the 
various classes of derivatives, and if he performs the experi- 
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ments that have been described, he will have a fair general 
knowledge of the kinds of relations that are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
one hydrocarbon can yield, we know what derivatives we may 
expect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- ■ 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what has gone before, what follows will 
appear extremely simple. Whereas, if he has failed at any 
point to catch the exact meaning, if he has failed to see the 
connection, he had better go back and faithfully review, or he 
will soon find his mind hopelessly muddled, and relations which 
are as clear as day will be concealed from him. 

An excellent practice is to trace connections between the 
different classes of compounds, and show how to pass from one 
to the other. Thus, for example, (1) show by what reactions it 
is possible to pass from marsh gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHj.OHCl,? (3) What reactions enable us to make methyl- 
amine from its elements ? (4) How can acetone be made 
from m ethyl-am in e ? (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine ? etc., etc. 
It is well in this sort of practice to select what appear to be the 
least closely-related compounds, and to show then how we can 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important reactions. 
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CHAPTER VIII 

THE H7DR0CASB0NS OF THE HARSH-GAS SERIES, OR 
PARAFFINS 

The existence of the homologous series of hydrocarbons 
begiDuing with methane and ethane was spoken of before its 
iirat two members were discussed. A general idea of the 
extent of the series, and of the names used to designate the 
members, may be gained from the following table : — 

marsh-gas hydrocarbons 
Pakaffins. — Htduocarbons, C„H[„+, 



Methane . . . 


CH, 


Ethane .... 


C,H, 


Propane . . . 


C,H, 


Itutane (normal) 


C,H„ 


Pentane " 


C.H„ 


Hexane " 


C.H„ 


Heptane " 


CiH„ 


Octane " . 


C,H„ 


Nonane « . 


C,H„ 


Dodecane " 


C„H, 


Hexadeeane " 


C,,H„ 



The explanation of the remarkable relation in composition 

existing between these members, a relation to which the name 

homology is given, has already been referred to (p. 23). The 

number of hydrogen atoms contained in a member of thig series 
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bears a constant relation to the number of carbon atoms, as 
expressed in the general formula C„Hj„+j. On examining the 
column headed " Boiling-point " it will be seen that, as we pass 
upward in the series, the boiling-point becomes higher and 
higher. The first three members are gases at ordinary tem- 
peratures, while the last boils at 287°. The elevation in the 
boiling-point is to some extent regular, as will be observed. 
The difference between butane, C4Hio, and pentane, CjHu, is 
37 — 1 = 36° ; that between pentane and the next member is 
69 - 37 = 32° ; between hexane and heptane it is 98 - 69 = 29° ; 
between heptane and octane, 125 — 98 = 27°; and, finally, 
between octane and nonane the difference is 160 — 125 = 26°. 
Thus it will be seen that thfe elevation in boiling-point caused 
by the addition of UHj decreases as we pass upward in the 
series. Other relations have been pointed out, but it would 
be premature to discuss them here. 

The chief natural source of the paraffins is petroleum; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, undoubtedly contains a number of the members 
of the paraffin series, it is an extremely difficult matter to 
isolate them from the mixture. Prolonged fractional distilla^ 
tion is not sufficient for the purpose. If, however, some of the 
purest products that can thus be obtained are treated with 
concentrated sulphuric acid, and afterwards with concentrated 
nitric acid, and then washed and redistilled, tl^ey can be 
obtained in pure condition. 

Petroleum. — Petroleum occurs in enormous quantities in 
several places. Among the most important localities are 
Pennsylvania, Ohio, California, Texas, the Crimea, the Cau- 
casus, Persia, Burmah, China, Mexico, etc. In some places 
it issues constantly from the earth. Usually it is necessaiy 
to bore for it. When one of the cavities in which it is con- 
tained is punctured, the oil is forced out of a pipe inserted 
into the opening in a jet, in consequence of the pressure 
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exerted upon its surface. As first obtained, it is usually a 
dark, yellowish-green liquid, with an unpleasant odor. It 
varies in appearance according to the place where it is found. 
American petroleum contains the lowest members of the 
paraffin series; and when the oil is exposed to the air the 
gases are given oft. 

Refining of petroleum. To render petroleum fit for use in 
lamps, it is necessary that the volatile portions should be 
removed, as they form explosive mixtures with air, just as 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those parts which have a certain specific 
gravity or boil between certain points are used for illuminating 
purposes, under the name of kerosene. Besides being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, and 
afterwards with an ^kali, and then with water. All these 
processes taken together constitute what is called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cymogene, 
rhigolene, gasoline, naphtha, and benzine, all of which are 
lighter than kerosene. It must be distinctly understood that 
the substances here mentioned are not pure chemical indi- 
viduals. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, paraffin, which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petroleum, laws have been enacted relating to the 
properties that the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries and 
different parts of the same country, relate mostly to what is 
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called tbe _fla8king-point. This is the temperature toTrhieh the 
oil must be heated before it takes fire when a flame is applied 
to it. The legal flashing-point in 'many parts of the United 
States is 44', A simple and accurate instrument for deter- 
mining the flashing-point is here described: The cylinder j4 
is at least 2.5"'" in diameter, and at least W"° long. Juat 
within the cork the bent tube contracts to 
a small oriiice. At d it is connected with 
a baad-bellows or a gas-holder; and the 
flow of ait is controlled by a pinch-cock. 
The cylinder is filled with oil to a point 
such that, when the air is running, the 
surface of the foam is about 5"" from the 
top; and it is then put in a beaker of 
water to the level of the oil. Air is now 
passed throush deb, and e so adjusted that 
Pig. 9. about 0.5"" foam is kept on the surface of 

the oil. From degree to degree the teat ia made by bringing a 
small flame for an instant *o the mouth of A. At the flashing- 
point the vapor ignites, and the bluish flame runs down to the 
surface of the oil. 

Experiment 31. Make an apparatus like the above, and determine 
the Uasbiug-poitits of two or three epeciiiiens o( keroaene that may be 
available. 

Synthesis of the paraffins. — Although the parafBns occur 
in nature, and a few of them can be obtained in pure condition 
from natural sources, we are dependent upon synthetical oper- 
ations performed in the laboratory for our knowledge of the 
series and the relations existing between them. 

We have already seen how ethane can be prepared from 
methane by treiiting methyl iodide with zinc or sodium, as 
represented in this equation: — 

CHbT -t- CHsI -H 2 Na = C,H, + 2 N al. 
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This method has been extensively used in the building up of 
higher members of the series. Thus from ethane we can make 
ethyl iodide, and by treating , this with sodium get butane, 

C^HjI + CjHjI + 2 Na = C^H^, + 2 Kal. 

But we can get the intermediate member, propane, CjH„ by 
mixing methyl iodide and ethyl iodide and treating the mixture 
with sodium : — 

CHjI + CjHjI + 2 Na = CH^OjH, + 2 Nal. 

By applying this method, it is plain that a large number of the 
members of the paraffin series might be made. 

Another method consists in treating the zinc compounds of 
the radicals, like zinc ethyl, Zn(CjHi)i, with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zino 
ethyl and ethyl iodide give butane, etc. : — 

ZnCCHa); + 2 CHjI = 2 C,H. + Znl, ; 
Zn(C,H,), + 2 CjHJ = 2 C^Hh, + ZnT^ 

Paraffins can be made by replacing the halogen in a substitu- 
tion-product by hydrogen. This can be efEected by nascent 
hydrogen or by hydriodic acid ; — 

As these halogen substitution-producte can easily be made 
from tlie alcohols, it follows that the hydrocarbons can be made 
from the corresponding alcohols, 

Grignard's reaction may also be used for the purpose of pass- 
ing from a mono-halogen substitution-product of a paraffin to 
the paraffin itself (see p. 106). 

Finally, the paraffins can be made by heating the acids of 
the formic acid series with an alkali. This has been illus- 
trated by the preparation of marsh gas from acetic acid by heat- 
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ing with lime and caustic potaah. The reaction may be written 
thus : — CHj.COi^ + KOH = GH, + COjK^ 

The products are a hydrocarbon and a carbonate. 

laomerism among the paraffins. — It has already beeo 
stated that the evidence is strongly in favor of the view that 
each of the four hydrogen atoms of marsh gas bears the same 
relation to the carbon, and therefore tfiat, as regards the 
nature of the product, it makes no difference which hydrogen 
atom is replaced by a given atom or radical. According to this, 
as ethane is the methyl derivative of marsh gas, it makes 
no difference which of. the hydrogen atoms of marsh gas is 
replaced by the methyl, the product must always be the 
same, or there is only one ethane possible according to the theory, 
and only one etkatte has ever been discovered. This is repre- 
H H 
I I 
sented by the formula, H - C - C - H, or HjC ~ CHj. In ethane, 

H H 
as well as in methane, all the hydrogen atoms bear the same 
relation to the molecule, and it should make no difference 
which one is replaced by methyl. But propane is regarded as 
derived from ethane by the substitution of methyl for hydro- 
gen ; and, as it makes no diflference which hydrogen is replaced, 
there is but one propane possible. Only one has ever been dis- 
covered, and this must be represented thus : — 
H H H 
I I I 
H-C-C-G-H,or CH,.CH^CH,. 
I I i 
H H H 
Now, continuing the process of substitution of methyl for 
hydrogen, it appears that the theory indicates the possibility 
of the existence of two compounds of the formula C,Hio. One 
of these should be obtained by substituting methyl for one of 
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the three hydrogens of either methyl group of propane. It is 
represented by the formula : — 
H H H H 
I I I I 
H-C-C-C-C-H, or HjCCH^CHj-CHa. 
I I I I 
H H H H 
The other should be obtained by substituting methyl for one 
of the two hydrogens of the group CHj contained in propane. 
This would give a hydrocarbon of the formula : — 
H H H 
III 
H - G - G - G - H, or CH, - CH - CH, 



^^ 



The theory then indicates the existence of two butanes. How 
about the facts ? Two, and only two, butanes have been dis- 
covered. The first, which occurs in American petroleum, has 
been made synthetically by treating ethyl iodide with zinc: — 

2 CHa-CH J + Zn = CHa.CHj.GH^CHa + Znl^ 
The method of synthesis clearly shows which of the two possi- 
ble isomerides the product is. It is known as normal butane. 
It is a gas that can be condensed to a liquid at + 1°, 

The second, or isobutane, is made from an alcohol which 
will be shown to have the structure represented by the formula 
CHa 
I 
CH» — c — OH (see Tertiary Butyl Alcohol, p. 125), by replacing 

CHa 
the hydroxyl by hydrogen. It is a gas that becomes liquid 
at - 17°. 

The difEerences between the two butanes show themselves 
most strikingly in their derivatives. 
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Applying the same method of reasoning to the nest member 
of the series, how many isomeric varieties of pentane, CaHis, 
does the theory suggest ? The question resolves itself into a 
determination of the number of kinds of hydrogen atoms con- 
tained in the two butanes, or the number of relations to the 
molecule represented among the hydrogen atoms of the butanes. 
This detei-mination can be made best by examining the struc- 
tural formulas. Take first normal butane : — 

H H H H 

I I I I 
H-C-C-C-C-H. 

I I I I 

H H H H 

In this there are plainly two different relations represented; 
viz., "that of each of the six hydrogens in the two methyl groups, 
and that of each of the four hydrogens of the two CH; groups. 
The two possible methyl derivatives of a hydrocarbon of this 
formula are therefore to be represented thus : — 

HsC.CH5.CH^CH,.CH„ (1) 

and HaC.CHs-CH < JJ^'- (2) 



Now, taking isobutane, HC — CHj, it will be seen that it con- 

CH» 
sistB of three methyl groups, giving nine hydrogen atoms of the 
same kind, and one CH group, the hydrogen of which bears a 
different relation to the molecule from that which the other 
nine do. There are therefore two possible methyl derivatives 
of isobutane which must be represented thus : — 
CH. CH, 

1 I 

HC - CHi,CH, (3), and H^C - - CHa- (4) 

I I 

CHs OH, 
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We have, therefore, apparently four peotanes. But on compar- 
ing formulas (2) aad (3), it will be seen that, though written 
a little differently, they really represent one and the same 
compound. Thus the number of pentanea, the esisteuce of 
which is indicated by the theory, is three, and these are repre- 
sented by formulas (1), (2), and (4). Tliey are all known. 
The first is called normal pentane, the second ieo-pentaoe, 
or di-methyl-ethyl-metliane, and the third tetra-methyl- 
methane. 

. It would lead too far to discuss all the methods of prep- 
aration and the properties of these hydrocarbons. It will 
be seen that the methods of preparation show what the 
structure of a hydrocarbon is. Di-methyl-ethyl-methane, for 
example, is made from an alcohol which can be shown to 
have the formula 



CH, 
CH, 



> CH.CH^CH,OH, 



by replacing the hydroxyl by hydrogen. Hence its structure is 

that represented above by formulas (2) and (3). 

Tetra-methyl-ra ethane is made by starting with acetone. 
Acetone has been shown to consist of carbonyl in combinar 
tion with two methyl groups, as represented in the formula 
CH, — CO — CHj. It has also been shown that, by treating 
acetone with phosphorus pen tachlo ride, the oxygen is replaced 
by chlorine, giving a compound of the formulaCHg— CClj— CH,. 
Now, by treating this chloride with zinc-methyl, the chloride is 
replaced by methyl thus : — 

I 
CH. - CGI, - CHj -I- ZnCCHj), = CH, - G - CH, + ZnCl, 
I 
GH, 

The product is tetra-me thy 1-m ethane, and this synthesis 
shows clearly what the structure of the product is. 
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Hexanes. — The student will now be prepared to apply the 
theory to the determination of the number of hexanes possible. 
He will find that there are five. The theory ia, in this case as 
in the precedlsg, in perfect accordance with the facts. There 
are five, and only five, hexanes known. Only the names and 
formulas of these will be given here : — 

1. Normal hexane, CH,.CH,.CH,.CH,.CH,.CH» 

2. iHo-hexane, CH3.CHj.CHa.CH<^^'. 

8. Methyl-di-ethyl-methane, CHg.CH<^ ''^ '• 

4, Tetra-methyl-ethane, „* > HC — CH < ^„^. 

CH, 

I 
6. Tri-methyl-ethyl-methane, HjC-C-CHi.CH,. 

I 
CHa 

Passing upward, we find that nine heptanes are possible 
according to the theory, while but Jive have thus far been dis- 
covered ; and that, while theory indicates the possibility of the 
discovery of eighteen hydrocarbons of the formula CgHu, but 
(too are known. The theoretical number of isomeric varieties 
of the highest members of the series is very great, but our 
knowledge in regard to these highest members is quite limited, 
and it is impossible to say whether the theory will ever be 
confirmed by facts. It may be that there is some law limiting 
the number of complicated hydrocarbons. It ia, however, idle 
to speculate upon the subject. It is well for us to keep in 
mind that a thorough knowledge of a few of the simplest 
members of the ' series is all that is necessary for the 
present. 

On examining the formulas used to express the structure of 
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the hydrocarbons, we find that they can be divided into three 
classes : — 

(1) Those in which there is no carbon atom in combination 
with more than two others ; as, — 

Propane .... CH^.CHj.CH,; 
Normal butane . . CHj.CHs.CHi.CHj; 
Normal pentane. . CH,.CHj.CH,.CH,.CH,; 
and Normal hexane . . CH,.CH,.CHi,.CHi.CH,.CH^ 

(2) Those in which there is at least one carbon atom in 
combination with three others ; as, — 

Isobutane . . . . CHj.CH<^JJ'; 
Isopentane . . . CH,.CH,.CH<^^'; 
Isohexane .... 
and Tetra-methyl-ethane, jj*^ > CH - CH < ^^''. 

(3) Those in which there ia at least one carbon atom i 
combination with four others ; as, — 

CHg 

Tetra^methyl.) _ .cH.-i-CH.; 
methane ) , 



Tri-methyl-ethyl- ] 
methane ! 



CHs 
CH, 
I 
CA-C-CH» 



The members of the first class are called normal paraffins; 
those ot the second class, isoparaffins; and those of the third 
class, neo-paraffins. 
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Only the members of the same class are strictly comparable 
witb one another. Thus it has been found that the boiling- 
points of the normal hydrocarbons bear simple relations to 
one another, and that the same is true of the iso-paraffins; 
but, on comparing the boiling-points and other physical prop- 
erties of normal parafBns with those of the Uo- or neo-paraffins, 
no such simple relations are observed. 

Regarding the names of the paraf&ns, the simplest nomen- 
clature in use is that according to which the hydrocarbons are 
all regarded as derivatives of methane. Thus we get the 

; tri-mefchyl-methane 
H fCH, 

^^|; tetrarmethyl-methane; cJ^^», etc. 
IcH, 
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CHAPTER IX 

OXYGEN DERIVATIVES OF THE HIGHER MEMBERS OF 
THE PAKAFFHT SERIES 

We are nov to take up the derivativea of the higher mem- 
bers of the paraffin series, just as we took up the derivatives of 
methane and ethane. 'Sot mueh need be said in regard to the 
halogen derivatives. A few of them will be mentioned in con- 
neetioa with the corresponding alcohols. The chief substances 
that will require attention are the alcohols and acids. 

1. Alcohols 

Hormal propyl alcohol, propanol, O^OH. — When 
sugar undergoes fermentation, a little propyl alcohol is always 
formed, and is contained in the "fusel oil," From this it can 
be separated by treating those portions which boil between 
85° and 110° with phosphorus and bromine. The bromides of 
the alcohols present are thus formed (what is the reaction?), 
and these are separated by fractional distillation. The bro- 
mide corresponding to propyl alcohol is then converted into 
the alcohol (how can this be done?). 

It is a colorless liquid with a pleasant odor. It boils at 97° 
(compare with the boiling-points of methyland ethyl alcohol). 
It condncts itself almost exactly like the first two members of 
the series. By oxidation it is converted into an aldehyde, 
CjHgO, and an acid, CsHsO^ which bear to it the same relations 
that acetic aldehyde and acetic acid bear to ethyl alcohol. 

Secondary propyl or iBopropyl alcohol, CaB70H. — 
The reasons for regarding the alcohols as hydroxy! derivatives 
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of the hydrocarbons have been given pretty fully. As the six 
hydrogen atoms of ethane are all of the same kind, but one 
ethyl alcohol appears to be possible, and only one is known. 
But just as there are two butanes or methyl derivatives of pro- 
pane, so there are two hydroxy] derivatives of propane; or, in 
other words, two propyl alcohols. The first is the one obtained 
from "fusel oil," the other la the one called secondary propyl 
alcohol. This has already been referred to under the head of 
Acetone (see p. 73), where it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydrogen. 
We are, in fact, dependent upon this method for the prepara- 
tion of the alcohol. 

It is, like ordinary propyl alcohol, a colorless liquid. It 
boils at 81°. While all its reactions show that it is a hydrox- 
ide, under the influence of oxidizing agents it conducts itself 
quite differently from the alcohols thus far considered. It is 
converted first into acetone, CaH^O, which is isomeric with the 
aldehyde obtained from ordinary propyl alcohol; by further 
oxidation, it however does not yield an acid of the formula 
G,H«0^ as we should expect it to, but breaks down, yielding 
two simpler acids; viz., formio acid, CHjOj, and acetic acid, 

Secondarr alcohols. — Secondary propyl alcohol is the 
simplest representative of a class of alcohols known as 
secondary aicohoU. They are made by treating the ketones 
with nascent hydrogen, and are easily distinguished from other 
alcohols by their conduct toward oxidizing agents. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller num- 
ber of carbon atoms. 

Is there anything in the stracture of these secondary alcohols 
to suggest an explanation of their conduct ? Secondary propyl 
alcohol is made from acetone by treating this with nascent hy- 
drogen. Acetone contains two methyl groups and carbonyl, as 
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represented by the fonniila CHj— CO— CHj. The simplest 
change that can take place in this compound under the influence 
of hydrogen is that represented in the following equation : — 

CHj - CO - CHg + H, = CH, - CH.OH - OH,. 

The very close connection esjsting between acetone and second- 
ary propyl alcohol, and the fact that there are two methyl 
groups in acetone, make it appear probable that theie are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary piopyl alcohol into propionic acid, which can 
be shown to contain ethyl, shows that in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the formulas : — 





H 


CH,.CH, 


fCH, 




H 


„ H 


r. CH,. 


c 


H 


^ H 


^ H 




OH 


OH 


I OH 


Mttl 


yi alcohol 


Ethyl-methyl alcohol or 

onllii»ry propyl 

ilcoluil 


propyTXh"!' 



Primary propyl alcohol is methyl alcohol m itfticA one hydrogen 
is replaced by a radical, while secondary propyl alcohol is 
methyl alcohol tn u.hich tuo hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows that 
the above statement can be made in regard to all of them. 
They must be regarded as derived from methyl alcohol by the 
substitution of two radicals for two hydrogen atoms. The alco- 
hols of the first class, like methyl, ethyl, and ordinary propyl 
alcohols, which are derived from methyl alcohol by the substitu- 
tion of one radical for one hydrogen, are coiled primary alcohols. 
Another way of stating the difference between primary and 
secondary alcohols is this : Primary alcohols contain the group 
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GH,OH ; secondary alcohols contaia the group CHOH. These 

statements necessarily follow fiom the first ones. 

A primary alcohol, when oxidized, yields an aldehyde and 
then an acid containing the same nnmber of caibon atoms as 
the alcohol. 

A secondary alcohol, when oxidized, yields a ketone and 
then an acid or acids containing a smaller number of carbon 
atoms. 

Becalling what was said regarding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, it will be seen that the formation of the acid is 
impossible in the case of a secondary alcohol. In the case of 
a primary alcohol, we have : — 

(5 r® f^ 

g\^ c ] h c oh. 

loH '« to 

Aloohol Aiaabjda Add 

In the case of the secondary alcohol, we have : — 



OH ' 

Beconduy iliMlial Ketone 

Further introduction of oxygen cannot take place without a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
in close accordance with the facts. 

Butyl alcohola, O^H^OH. — Theoretically, there are two 
possible hydrosyl derivatives of each of the two butanes, 
making four butyl alcohols in all. They are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol, CH».CH,.CH,.CH,OH. 

2. Isobutylalcohol, Qj/>CH.CH^H. 

The third is a derivative of normal butane, and is a secondary 

alcohol, 

3. Secondary butyl alcohol, CHa.CH,.OH< J^JJ ■ Thia 
alcohol is prepared by treating ethyl-methyl ketone with nas- 
cent hydrogen : — 

CH,.CH,-C0-CH,-f-H, = CH,.CHj.CH<^2. 

(Compare this with the reaction for making secondary propyl 
alcohol.) CHs 

I 
i. Tertiary butyl alcohol, CH, - c - OH. The fourth butyl 

1 

CH, 
alcohol has properties that distinguish it from the primary 
and secondary alcohols. When oxidized it yields neither an 
aldehyde nor an acetone, but breaks down at once, yielding 
acids containing a smaller number of carbon atoms. Assum- 
ing that every primary alcohol contains the group CHjOH, 
and that every secondary alcohol contains the group CHOH, 
it follows that the two primary butyl alcohols and secondary 
butyl alcohol must have the formulas above assigned to them ; 
and it follows further, that the fourth butyl alcohol must have 
CH, 

the formula CHi — c — OH, as thia represents the only other 

I 

CH. 
arrangement of the constituents possible, according to our 
theory. This formula represents a condition which does not 
exist in either the primary or secondary alcohols. It is 
methyl alcohol in which all the hydrogen atoms, except that 
of the hydroxy], are replaced by methyl groups. It con- 
tains the group C — (OH). Such an alcohol is known as a 
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tertiary alcohol, and the one under consideratioQ is called ter- 
tiary butyl alcohol It is the simplest derivative of a class of 
which but few members are kDown. 

Tertiary butyl alcohol is made by treating acetone with 
methyl magnesium bromide, CHjMgBr (Grignard's reagent), 
and then treating the product with water : — 

(CH, 
CH« 
OMgBr 
(CH, fCH, 

OMgBr toH 

By using other ketones and magnesium compounds contain- 
ing other radicals, other tertiary alcohols can be obtained. 

Characteristics of the three Classes of Alcohols. To recapitu- 
late, the hydroxy! derivatives of the hydrocarbons can be 
divided into three classes, according to their conduct towards 
oxidizing agents. 

To what was said above regarding the conduct of primary 
and secondary alcohols we can now add: Tertiary alcohols 
yield neither aldehydes nor acetones containing the same 
number of carbon atoms, but generally break down, yielding 
simpler acids. 

The formulas represepting the three classes of alcohols are : — 



Pentyl aloohola, C3,i.OH. — Eight of these are possible, 
and all are known. Only the two amyl aicohols need be taken 
up here. 
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Inactive amyl alcohol, ^^' > CH - OHj - OH,OH. — 

This alcohol, tt^ether with at least one other of the same com- 
position, forms the chief part of " fusel oil." By fractional 
distillation of this, ordinary amyl alcohol is obtained, as a 
colorless liquid, having a penetrating odor, and boiling at 131° 
to 132*. This can, be separated by other methods into two 
isomeric alcohols, one of which ia inactive amyl alcohol and 
the other active amyl alcohol. The names refer to the behav- 
ior of the substances towards polarized light, the former 
having no action upon it, the latter turning the plane of polar- 
ization to the left. 

When treated with oxidizing agents inactive amyl alcohol 
yields an acid containing the same number of carbon atoms, 
and is, therefore, a primary alcohol. The acid has l>een made 
by simple reactions which show that it must be represented by 
the formula ^^'>CH.CHi.C02H. Therefore, the alcohol has 
the struoture represented by the formula '>CH.CHj.CHaOH. 

Aotive-amyl alcohol, OHs.CH,.CH<°^Qgj— This, as 
has been stated, is obtained, together with the inactive alcohol, 
from fusel oil. It is a primary alcohol as represented. 

A list of some of the more important remaining members of 
the series is given below. In naming the alcohols, it is best 
to refer tliem to methyl alcohol, just as the hydrocarbons are 
referred to marsh gas. Galling methyl alcohol carUnol, we get 
such names as methyl-carbinol, di-ethyl-carbinol, etc., which 
convey at once an accurate idea concerning the structure of 
the substances. A few illustrations will sufBce. Take the 
alcohols considered above: — 

fCH, 

Ethyl alcohol is methyl^arbinol, C 



H 
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fCHjCH, 
Primary propyl alcohol ia efAyZ-caj-Wmoi, CJ„ ; 



(CH, 
CHj 
H ' 
OH 

fCH, 

Tertiary butyl alcohol is tri-methylrcarbinol, C I p„' j 

[oh 



Inactive atnyl alcohol is isobutyl-earbitu)l, C | H 
H 
[ OH, etc, etc., 

a name given to it on account of the presence in it of the 
iaobutyl group CH,.CH<^"». 

The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the parafBns has 
been investigated. There are fourteen hexyl alcohols and 
thirteen heptyl alcohols known. 

Cetyl alcohol, Ci«Hn.OH, is the chief consijtuent of sper- 
maceti. 

Ceryl alcohol, CmHjj.OH, is found in Chinese wax. 

Myricyl alcohol, CaoH^a.OH, occurs in beeswax and in Car- 
nauba wax. 

Of most of the higher members but one variety is known. 
They are not important, except in so far as they indicate the 
possibility of the discovery of other alcohols. 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES 
8EKIE3 C„H^+,.OH 

Methyl alcohol CH, . OH 

Ethyl " CjHj.OH 

Propyl " C;JI,.6h 

Butyl « C,H,.OH 

Pentyl " CiH„.OH 

Hexyl " C,H„.OH 

Heptyl " CiHu.OH 

Ootyl " CjH„.OH 

Nonyl « C,H„.OH 

Cetyl " CwHjj.OH 

Ceryl " Ci,H„.OH 

Myricyl " CHsfOH 

2. Aldbhydes 

In general, it follows from what ^as been said concerning 
the properties of primary alcohols, that there should be an 
aldehyde corresponding to every primary alcohol. Many of 
-these have been prepared. They resemble ordinary acetic 
aldehyde so closely that it is unnecessary to take them up 
individually. If the structure of the alcohol from which an 
aldehyde is formed by oxidation is known, the structure of the 
aldehyde is also known. 

Besides the one method for the preparation of aldehydes 
that has been mentioned, viz., the osidation of primary 
alcohols, there is one other that should be specially noticed. 
It consists in distilling a mixture of a formate and a salt of 
some other acid. Thus, when a mixture of an acetate and a 
formate is distilled, acetic aldehyde is formed as represented 
by the equation : — 

"^ w ■ r IS^ - "^H. . COH + M,CO, 
H . COOM AidBhjdii 
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TMb method has been used to a considerable extent in making 
the higher members of the series. 

Experiment 32. Mix about equal weights of dry calcium tonnBte 
and dry calcium acetate. Distil from a email flask. Collect some of tho 
diatillate' in water, and determine whether aldehyde is formed. 

3. AciDB 

Formic and acetic acids are the first two members of an 
homol<^u8 series of similar acids, generally called the faltj/ 
acids because several of them occur in large quantities in the 
natural fats- The names and formulas of some of the principal 
members are given in the foUowii^ table. The reasons for 
representing th^ acids as compounds containing the carboxyl 
group, COiH, have been given, and need not here be re- 
stated: — 

FATTY ACIDS 
Sebies C,Hto+,.CO^, or C^H^O, 

Formic acid H.COjH 

Acetic " CH^.COaH 

Propionic « C^. . COjH 

Butyric " C,Hj . CO,H 

Valeric " C,H,.CO,H 

Caproicor 1 C,H„.CO^ 

Hesoic acids j 

CEnanthylicorj ........ C.H„.CO,H 

Heptoic acids j 

S^P?""" C,H„.CO^ 

Octoic acids J 

Petogomcor | C^„.CO,H 

Nonoio acids ) 

Capric acid <yii,.COj,H 

Laurie " CuHa.CO,H 
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Myriatic acid C„H,r.CO,H 

Palmitic " CuHj, . CO,H 

Mai^arie « CuH^.COjH 

Stearic " C„B^.CO^il 

' Amchidic " C„H8,.C03H 

Behenie " C„H„.COjH 

Hyenic " C^a . COjH 

Cerotic " C„H„.COsH 

Melissic " CaJI«,.COi,H 

Although, as will be seen, a lai^e number of fatty acids are 
known, most of those included in the list are at present merely 
curiosities, and need not be specially studied. Not more than 
six in addition to formic and acetic acids will require attentipn. 

Propionic acid, propanio acid, CsHaOaCO^j.COjH).— 

Propionic acid is formed in. small quantity (1) by the distil- 
lation of wood; (2) by the fermentation of various organic 
bodies, particularly calcium lactate and tartrate; (3) by treat- 
ing ethyl cyanide (propio-nitrlle) with caustic potash : — 

C,H. . CN -1- KOH + H,0 = C,H,. CO^ + NHjj 

and (4) by oxidizing normal propyl alcohol. This last method 

is used on the large scale. 

Other methods for preparing it are the following : — 

(1) By reducing lactic acid with hydriodic acid. (This will 

be explained under the head of Lactic Acid, which see.) 
■ (2) By the action of carbon dioxide upon sodium ethyl : — 

CO, + NaC JI, = CjH, . CO Jf a. 

It is a colorless liquid with a penetrating odor somewhat 
resembling that of acetic acid. It boils at 141°. (Compare 
with boiling-points of formic and acetic aeids.) 
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It yields a large number of derivatives corresponding to those 
obtained from acetic acid. 

NoTB FOB Student. — What is propionjl chloride 7 and how can il be 
prepared? It ia analogoiu to acetyl chloride. 

The simple substitution-products of propionic acid present 
an interesting and instructive case of isomerism. There are 
two chlor-propioiiic acids, two brom-prop ionic acids, etc. Those 
products which are obtained by direct treatment of propionic 
acid with substituting agents are called a-products, and the 
isomeric substances ^-products. Thus we have a-dilor-propionic 
and a-broi7i-propionic acid, made by treating propionic acid with 
chlorine and bromine ; and p-chlorrprt/pionic add and ^brom- 
propionic add, made by indirect methods. The difference be- 
tween these two series of derivatives is due to different relations 
between the constituents. The usual method of representation 
indicates the possibility of the existence of two isomeric chlor- 
propionic acids, and of similar mono-substitution products of 
propionic acid. The acid is represented thus: — 

CH,.CH,.CO^. 

Kow, if chlorine should enter into the compound, as represented 
by the formula CH,C1.CH,.C0,H, (1) we should have one of 
the ohlor-propionic acids ; while, if it should enter as indicated 
in the formula CHi.CHCl.CO,H, (2) we should have the iso- 
meric product. We have thus two cblor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents o-chlor-propionic acid, 
and which the j8-acid ? Only by carefully studying all the 
reactions and methods of formation of both compounds. The 
best evidence is furnished by a study of the lactic acids, which 
will be shown to be mono-substitution products of propionic 
acid. a-Chlor-propionic acid can be transformed into a lactic 
acid, the structure of which is represented by the formula 
CH,.CH(OH).CO,H, and by replacing the hydroxyl of this 
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lactic acid by chlorine, n-chlor-propionic acid is formed. Tt 

therefore follows that formula (2) above given ia that of a-ch!or- 
propionie acid, and formula (1) that of j8-chlor-propionic acid. 
Further, any mono-substitution product of propionic acid that 
can be made directly from o-chlor-propionic acid, or tonverted 
directly into this acid, is an a-product, and has the general 
formula CH..0HX.OOJIi 

and, similarly, the jS-products have the general formula 

CHjX.CHj.COjH, 
in which X represents any univalent atom or group. 

Butyric acids, butanic acids, CjHj02(CgHT.C0jH).— 

Normal butyric acid, CHs.CHj.CHj.COjH. When butter is 
boiled with caustic potash, the potassium salts of butyric acid 
and of some of the higher members of the series are found in 
the solution at the end of the operation. Butter, like other 
fats, belongs to the class of compounds known as ethereal 
salts ; and these, as we have seen, when boiled with the alka- 
lies, are decomposed, yielding alcohol and alkali salts of acids 
(saponification). In the case of butter and of nearly all other 
fats, the alcohol formed is glycerol. Butyric acid occurs also 
in many other fats besides butter. 

It is most readily made by fermentation of sugar by what is 
known as the butyric acid ferment. This ferment probably is 
contained in putrid cheese. Hence, to make the acid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
putrid cheese and sour milk are added, and also some powdered 
chalk. At first the sugar is converted into glucose : — 
C^HaOu + H,0 = 2 C.Hj^^ 

Cuie sugar GlucoH 

The glucose breaks up, yielding lactic acid, CjHjOj: — 
CaHuOfl = 2 CsHA- 
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And, finally, the lactdc acid is converted into butyric acid: — 
2 C3HA = C,HgO, + 2 COj + 4 H. 
Other methods for the preparation of butyric acid are ; — 

(1) By.oxidation of normal butyl alcohol ; and 

(2) By treating normal propyl cyanide, CH;.CH,.CHjCN, 
with caustic potash. 

The acid is a liquid having an acid, rancid odor, like that of 
rancid butter. It boils at 163°, (Compare with the preceding 
acids.) Like the lower members of the series it mixes with 
water in all proportions. 

Ethyl butyrate, CaHj.COaCjHj, has a pleasant odor resembling 
that of pineapples. It is used under the name of eaaence of 
pineapples. 

Isobutyrio acid, metbyl-propanio aoid,^„'>CH.C02H. 
— From the two propyl alcohols the two chlorides, propyl chlo- 
ride, CHj.CHi.CHjCl, and isopropyl chloride, (,|^>CHCl, can 
be made, and from these the corresponding cyanides,-^ 

Propyl cyanide CH,.CH,.CH^N, 

and Isopropyl cyanide .... - „ *>CHCK. 

When boiled with caustic potash, the former is converted into 
normal butyric acid, as stated above ; while the latter yields 
isobutyric acid, „Ii'>CH.CO,H. This acid can also be pre- 
pared by oxidizing isobutyl alcohol, ' '>CH.CH)OH. It is 
found in nature in the carob bean. 

Isobutyric acid is a liquid which boils at 154". Its odor is 
less unpleasant than that of the normal acid. 

Valeric acids, CjH„O,CC^.0OjH). — Four earboxyl de- 
rivatives of the butanes are possible. Four aeida of the 
formula CiHuiO, are known. 
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*'^>CH.0H,.COi^. 

— This acid is made by oxidizing inactive amyl alcohol. It 
can also be made (and this reaction reveals tJie structme of 
the acid) by starting with isobutyl alcohol, -,jj'>CH.CHiOH, 
converting this first into the chloride and then into the cya- 
nide, and, finally, transforming the cyanide, -,^>CH.CHjCN, 
into the acid. It occurs in valerian root, whence its name. It 
is an unpleasant Binelliiig liquid, boiling at 174°. It requires 
thirty parts of water for solution. 

Amj/l valerate, C^Hj.COsCjHib haa the odor of apples, and is 
used under the name of essence of apples. 

Active valeric acid, ■^>OH.CHj.O^. — This acid 
is prepared by oxidation of active amyl alcohol. Although the 
alcohol turns the plane of polarization to the left, the acid 
turns it to the right. The alcohol is said to be Ueoo-rotatory, 
and the acid dextro-rotatory. 



The higher acids of the series are, for the most part, found 
in various fats. They are difficultly soluble in water. The 
highest members are solids. The two best known, because 
occurring in largest quantity, are palmitic and stearic acids. 
These are contained in combination with the alcohol, glycerol, 
in all the common fata. The fata will be treated under the 
head of Glycerol, 

Palmitic acid, CuHj, .COijH, can be made by saponifying 
many fata, as palm oil, olive oil, and bayberry tallow. The 
last-named fat consists of about one-fifth part of palmitin, four- 
fifths being free palmitic acid and a little lauric acid and laurin. 

It crystallizes in needles which melt at 62.6°, 

Stearic acid, CuHgg. COiH> i^ ^^^ ^id contained in that 
particulai' fat known as stearin. The so-called "stearin can- 
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dies" consist of stearic acid mixed with palmitic acid and a 
little paraffin, and from them stearic acid can be separated in 
pare form by long-continued fractional crystallization from 
ether and alcohol. 

It crystallizes from alcohol in needles oi laminse which melt 
at 69^. 

Soaps. — In speaking of the decompositions of ethereal salts 
by boiling with alkalies, it was stated that this process is called 
saponification because it is best exemplified in the manufacture 
of soaps from fats. The fats are themselves rather complicated 
ethereal salts. When they are boiled with an alkali, as caustic 
soda, the alcohol is liberated, and the alkali salts of the acids 
are formed. These sa^a are the soaps. They are in solution 
after the process of saponification is completed, and can be 
separated by adding a solntion of common salt, in which they 
are insoluble. 

Experiment 38. In an Iron pot boll about 26( of lard with a solution 
of caustic soda for two hours. After cooliog, add a stroDg solution of 
sodium chloride. The soap will separate and rise to the top of theaolution, 
where It will finally solidify. Dissolve some of the soap thus obtained in 
water, and filler. Add hydrochloric acid, when the free fatty acids, 
mainly palmitic and stearic acids, will separate as solids, which will rise 
to the top. The hydrochloric acid simply decomposes the sodium palmi- 
tate and stearate, giving free palmitic and stearic acids and sodium 
chloride : — 

CwHai.COjNa + HCI = CisHai.COjH + NaCl, . 

Sodium pBlmlUta Palmitic usld 



The remaining derivatives of the higher members of the 
paraffin series include the ethers, ketones, ethereal salts, 
mercaptans, sulphur ethers, sulphonic acids, cyanides and 
isocyanides, cyanates and isocyanates, sulpho-eyanates and 
iao-sulpho-cyanates, substituted ammonias and analogous com- 
pounds, metal derivatives, and nitro-deiivatives. 
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A ^at many substances belonging to these claaaes, and 
containing reaidueB of the higher hydrocarbons, have been pre- 
pared and studied; but, in the main, they so closely resemble 
the simpler substances which have already been described that 
we should gain nothing by taking them up here individually. 
The student, however, is earnestly advised to apply the princi- 
ples discussed in the first part of the boot to a few other eases. 
Thus, let him take propane and butane, and not only write the 
formulas of the derivatives which can be obtained from them, 
but, above all, write the equations representing the action in- 
volved in their preparation, and the transformations of which 
they are capable. 

POLYACID ALCOHOLS AND POLYBASIC ACIDS 
1. Di-AciD Alcohols 
The alcohols thus far treated of are of the simplest kind. 
They correspond to the simplest metallic hydroxides, aa potas- 
sium hydroxide, KOH. Just as these simplest metallic hydrox- 
ides are called nhonradd bases, so the simplest alcohols are 
called mon-acid aicohola,' expressions which are suggested by 
the term mono-basic add. But, as is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(OH)j, barium 
hydroxide, Ba(OH)a etc., which contain two hydroxyls, and 
are hence known as di-acid bases; and so, too, there are di-acid 
aicokols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one . 
alcohol of this kind, derived from the paraffin hydrocarbons, is 
■well known. 

Bth;leiiealooholorgl70ol,ethandiol,CiH(02[C,H4(OH)3]. 
— Glycol is made by starting with ethylene, a hydrocar- 
bon of the formula C,Hi. When this is brought together 
with bromine, the two unite directly, forming etliylene bromide, 

> ThA exprcBBlon monatomie ilcoholfl li used by »me wrlt«Ta, but, u It la eoDtaelng, 
itlaglTlpg «•; lotbsmon nUoul eipnulon aboTs uKd, 
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CaHiBrj. By replacing the two bromine atoms by hydroxyl, 
ethylene alcohol or glycol is formed. 

It is a colorless, inodorous, somewhat oily liquid, that boils 
at 197.5°. It haa a sweetish taste, and is hence called glycol 
(from yXvKVi, sweet). Heace, further, the other alcohols of this 
series are also called glycols. 

The derivatives of ethylene alcohol are not as numerous as 
those of the better-known members of the methyl alcohol series, 
but those which are known are of the same general character. 
The reactions of the alcohol are the same as those of the mon- 
acid alcohols, but it presents more possibilities. In most cases 
in which a mon-acid alcohol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

sodium, glycol, C2H,< , and di-sodium glycol, C2Hi< , 
can be formed ; from these, by treating with ethyl iodide, the 



^ OCjHj' 
acid, the chloride, C2H4< , known &s ethylene cklorkydrine, is 

formed; and this, by treatment with phosphorus trichloride, 
can be convei-ted into ethylene cliloride, CbH^CIj, etc. 

Its conduct towards acids is like that of a di-acid base. It 
tovtos neutral a,nd aiaoholic salts, of which the acetates may serve 
as examples. Thus we have the 

Mono-acetate, C,H4< ^.^f^'*^, 

and the Di-acetate, CH^ ^p*!!'^ ; 

the former still containing alcoholic hydroxyl and corresponding 
to a'basic salt ; the latter being a neutral compound. 

The formation of the di-acetate is a step in one of the methods 
of preparing ethylene alcohol. This, method consists in treat- 
ing ethylene bromide with potassium acetate in alcoholic solu- 
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tion, separating the acetates of ethylene thus foimed, and 
decomposiag these by means of barium hydroxide. The re- 
actions involved are represented by the following equations : — 

The alcohol caa also be made by treating ethylene bromide 
with potassium carbonate : — 



and by treating ethylene bromide with silver oxide :- 
C JI^ <^^ + Ag,0 + H»0 = CH^ < ^J! + 2 AgBr. 



These methods of formation show clearly what ethylene 
alcohol is. 

When acetyl chloride acts upon the alcohol at ordinary tem- 
perature, the product has the formula C2H4<ci^^"'^. This 
is also formed by the action of hydrochloric acid gas on the 
di-acetate. It seems probable, therefore, that the action of 
acetylchloride should be represented by two equations, thus: — 

C^4 < JJ + 2 C^,0C1 = C,H, < Q^^Q + 2 HCl ; 
^OC,H.O , 



There are two ways in which the structure of a compound 
of the formula CjH4(OH)2 can be represented. They are, — 

CHaCOH) 
(1) I , in which each hydroxyl is represented in combi- 

CH,(OH) CHCOH), 

natiou with a different carbon atom ; and (2) I , in which 
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both hydroxyls are represented in combiuatioiL with the 
same carbon atom. The question snggesta itself, to which of 
these formulas does ethylene alcohol correspond ? To answer 
this question, we must recall what was said regarding the two 
dichlor-e thanes, known as ethylene diloride and elhylidene 
chloride. The former of these corresponds to the formula 
OHaCI.CHiCl, while the latter, which is formed from aldehyde 
by replacing the carbonyl oxygen by two chlorine atoms, is 
represented by the formula CHClj.CHj. When the chlorine 
atoms of ethylene chloride are replaced by hydrosyl, ethylene 
alcohol is produced. Hence, the alcohol has the formula 
(HO)HjC — CH';(OH), or each of the hydroxyls is in combina- 
tion with a different carbon atom. When oxidized ethylene 

CHjOH 
alcohol gives, first, glycolic acid, I , and then oxalic acid, 

COOH COOH 

I • This furnishes independent evidence that the alcohol 
COOH 
contains two primary alcohol groups and it must therefore be 

CH2OH 
represented by the formula 1 

CH2OH 
All attempts to make the isomeric di-aeid alcohol correspond- 
ing to ethylidene chloride, and having both hydroxyls in com- 
bination with the same carbon atom, as represented in the 

CH(OH)) 
formula I , have failed. Instead of getting ethylidene 

alcohol, aldehyde is generally obtained. Aldehyde is ethyli- 
dene alcohol minus water: — 

CHa - CH(OH), = CHj - CHO + HjO. 

It is believed that one carbon atom cannot, under ordinary 
circumstances, hold in combination more than one hydroxyl 
group. If this is true, then ethylidene alcohol cannot be pre- 
pared any more than the hypothetical carbonic acid, co< , 
can be. So, too, the simplest di-acid alcohol conceivable, 
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viz., methylene alcohol, CHj(OH)j, cannot exist, but would 
break up, if formed at all, into water and formic aldehyde : — 

CHj(OH), = H,0 + H.CHO. 

(See discussion regarding the transformation of alcohol into 
aldehyde, pp. 65-67.) 

Ethyl alcohol, as was pointed out, may be regarded either aa 
ethane in ♦hieh one hydrogen Is replaced by hydroxy], ot as 
water in which one hydrt^en is replaced by ethyl. Ethyl, like 
all the radicals contained in the mon-acid alcohols, is univalent. 
It is ethane less one atom of hydrogen, just as methyl ia methane 
less one atom of hydrogen. Each has the power of uniting with 
one atom of hydrogen, or another univalent element, or of tak- 
ing the place of one atom of hydrogen. 

If we take away two atoms of hydrogen from methane and 
ethane, we have left the residues or radicals CHg and CjH,. 
These can unite with two atoms of hydrogen, or take the place 
of two atoms of hydrogen, and they are hence called bivoient 
radicals. 

Just as ethylene alcohol may be regarded as ethane in which 
two hydrogen atoms are replaced by hydroxyls, so it may be 
regarded as water in which the bivalent radical ethylene re- 
places two hydrogens belonging to two different molecules of 
water: — 

H-O-H H-O-H H-0-C^4-0-H 

Two molKDlai w«lm Ethjlfna »kohol 



The higher member of the series of di-acid alcohols will not 
be taken up here. 

2. Dibasic Acids 

Just as there are di-acid alcohols derived from the paraffins, 
so there are dibasic acids which may also be regarded as deriva- 
tives of the paraffins. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
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carbonic acids; that thej may be regarded as derived from the 
. latter by replacement of a hydroKyl by a radical, or as derived 
from the paraffins by the introduction of the group earboxyl, 
COjH. The conditions existing in this group are essential to 
the acid properties. If two carboxyls are introduced into marsh 
gas, a substance of the formula GH3(C02H)i is formed, and 
this is a dibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid ^d neutral 
salts, like other dibasic acids. It may be regarded also as 
derived from two molecules of carbonic acid by the replacement 
of two hydroxyls by the bivalent radical CHj : — 



~0H 
,0H 



OH 



The general methods of preparation available for the building 
up of the series of" dibasic acids are modifications of those used 
in making the monobasic acids. They are : — 

1. Oxidation of di-acid primanj alcohols. Just as a mon- 
acid primary alcohol, E.CH2OH, yields by oxidation a mono- 
basic acid, so a di-acid primary alcohol, R"(CHjOH)j, yields a 
dibasic acid, K'-CCOaH)). 

2. Treatment of the dicyanides, E"(CN)j, with caustic alkalies. 

3. Oxidation of the hydroxy-acids or alcohol adds. These 
are compounds which are at the same time alcohol and acid; 
as, for example, hydroxy -ace tic acid, which is acetic a«id in 
which one of the hydrogen atoms of the hydrocarbon residue, 
methyl, has been replaced by hydroxyl, as represented in the 

CH2OH 
formula | ■ When this is oxidized, the alcoholic portion, 

CO2H 
CHjOH, is converted into earboxyl, and a dibasic acid is formed. 

4. From the cyanogen derivatives of the monobasic acids, 

L ,i,z<..t,CoogIc 
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such as cyan-acetic acid, CH^ <f.Q^, by the traDSf ormatiou of 
the Qya.aogBa group into carboxyl. 

DIBASIC ACIDS, CnH2„-20i 

Oxalic acid (COjH)^ 

Malonie " CHj(CO,H)^ 

Succinic " C2H4(COiH)^ 

Pyrotartaric " C3H.(C0jH)j. 

Adipic " ........ C<H^COsH)i. 

Pimelic " ■ CjH^(CO,irv 

Suberic " C,H^(COi.H)^ ■ 

Azelaic " . C,H„(COi^)j. 

Sebacic « C,H„(COjH)^ 

Brassylic " CsH„(COjH)^ 

Eoccellic « CuH„(COjHV 



Of the many acids included in this list only four or five can 
be said to be well known. We may confine our attention to the 
first four members. 

Oxalic acid, CsH,O<[(0O5H),]. — In one sense, according to 
the accepted definition, oxalic acid is not a member of the series 
with which we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl; nor is it 
derived from two molecules of carbonic acid by replacement of 
twohydroxylsby a bivalent radical. Still it is in other respects 
so closely allied to the members of the series, and has so many 
things in common with the other members, that it would be a 
mere act of pedantiy to consider it in any other connection. 

Oxalic acid occurs very widely distributed in nature ; as in 
certain plants of the oxalis varieties, in the form of the acid 
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' potassium salt; as calcium salt In many plants; in nrinaiy 
calculi ; and as the ammonium salt in guano. 

It is formed by tlie action of nitric acid ujfon many organic 
substances, particularly the different varieties of sugar and the 
socalled carbohydrates, such as starch, cellulose, etc. 

Experiment 34. To be carried out vnder a hood. In a good-sized 
flask pour half a litre of ordinai; concentrated nitric acid (of specific 
gravity 1.245) upon 60s of sugar. Heat gently until the reaction begins. 
Then withdraw the flame, when the oxidation will proceed with some 
violence, and accompanied by a copious evolution of red fumes. When 
the action has ceased, evaporate the liquid to oue-sixLh the original 
volume, and let it cool, when oxalic acid will crystallize out. Recrystal- 
lize from water the acid thus obtained, and with the pure substance 
perform such experiments as will exhibit its properlies. For example, 
(1) Heat a specimen at 100°, and notice toss o[ water; (2) Heat some in 
a small flask with sulphuric acid, and prove that both oxides of CArboa 
are formed. 

On the large scale, oxalic acid is made by heating wood 
shavings or sawdust with caustic potash and caustic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaporated to crystallization, when sodium oxalate is 



Other methods, which are interesting from a purely scientific 
point of view, are the following : — 

1. The spontaneous transformation of an aqueous solution of 
cyant^n : — 

CN COjH 

1 +4H,0= I +2NHa; 
CN CO^ 

CN C0,(NH4) 

or, really, ' 1+4 Bfi = \ 

CN COjCNH.) 

2. Treatment of carbon dioxide with sodium: — 

2 CO, + 2 Na =! C,0^a» 

3. Heating sodium formate : — 

2 H . CO^Na = C ANa, + 2 H. 
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Oxalic acid cryatallizes from vater in monocllnic prisms con- 
taining two moleculea of water (CjHjO, + 2 H,0). It loses 
this water at 100°, and then melts at 189°. It sublimes just 
above the melting-point, but, if heated higher, it breaks up 
into carbon monoxide, carbon dioxide, and formic acid : — 

2 C,HA = 2 CO, + CO + HCO,H + H,0. 
Sulphuric acid decomposes it into carbon monoxide, carbon 
dioxide, and water. Heated with glycerol to 100°, carbon 
dioxide and formic acid are formed (see Formic Acid): — 

C,HA = CO, + HC0,H. 
It is an excellent reducing agent, and is used to standardize 
solutions of potassium permanganate. 

Experiment 3S. Try the action of a BolnUou at potassium perman- 
ganale on a BoIutioD ol oxalic acid. Wh; ia it best to have the solation 
of the permaBgaoate acid ? 

Oxalic acid is an active poison. It is used in calico printing. 

Salts of oxalic acid. Like all dibasic acids, oxalic acid forms 
acid and neutral salts with metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon are the acid jxttaasium gall, CjO^HK, which is found in the 
sorrels or plants of the oxalis variety; the ammonium salt, 
CiOiC^H,)^ of which some urinary calculi are formed; and 
calcium oxalate, CjO^Ca, which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the pres- 
ence of magnesium, and of estimating calcium and oxalic acid. 

Malonic acid. C,HjO,[CHi(CO,H>,]. — This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malouic acid. It can best be made by starting with 
acetic acid. The necessary steps are: (1) making chlor-acetic 
acid; (2) transforming chlor-acetic acid into cyan-acetic acid; 
(3) heating cyan-acetic acid with an alkalL 

NoTB roK Stddbri. — WriM the eqnationa represeotiDg the three 
Mepa mentioned. 
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It is a solid that crystallizes in laminee. It breaks up at a 
temperature above 132°, whicli is its melting-point, into carbon 
dioxide and acetic acid : — 

NoiB son Student. — What simple method for the preparation of 
marsh gas and other parafflna is this reaction analogous to ? 

Suoolnic acids. C,H»0i[CiHiCC02H)g].— Regarding these 
acids as derived from ethane by substituting two earboxyls for 
two hydrogens, it is clear that two are possible, one corre- 
■sponding to ethylene chloride and another corresponding to 
ethylidene chloride. Two are actually known. One is the 
well-known succinic acid ; the other is called isosucclnic add. 



Succinic acid, ethrlene-succinic acid, i 

OH 



CHj-OOsH 

This acid occurs in amber (hence its name, from Lat. succinum, 
amber); in some varieties of lignite; in many plants; and in 
the animal organism, as in the urine of the horse, goat, and 
rabbit. 

It is formed under many circumstances, especially by oxida- 
tion of fats with nitric acid, by fermentation of calcium malate, 
and, in small quantity, in the alcoholic fermentation of sugar. 
Among the methods for its preparation are : — 

CH,.CN 

1. Treatment of ethylene cyanide, | , with a caustic 
alkali:— " CH,.CN, 

CH^N CH,.CO,K 

I -|-2KOH-|-2HjO= I +2NHa. 

CHjCN CHj.CO^' 

2. Similarly, by treatment of /3-eyan-propionio acid with an 
alkali. (What is j3-cyan-propionie acid?) 



D,a,l,zc.bvG00gIe 



ISOSUCOINIC ACID 147 

3. Reduction of tartaric and malic acids by means of hy- 
driodic acid. Ttiese well-known acids will be shown to be 
closely related to succinic acid, and the reaction here mentioned 
will be explained. The methods actually used in the prepara^ 
tion of succinic acid are: (1) the distillation of amber, and 
(2) the fermentation of calcium nialate. 

The acid crystallizes in inonoclinic prisms, which melt at 
182° (try it). It boils at 235°, at the same time giving ofE 
water, and yielding the anhydride: — '■ 
COOH_ C( 

Succinic anhydride is a solid substance that crystallizes well 
from, chloroform. It is converted into succinic acid by boiling 
with water. When boiled with alcohols it yields the corre- 
sponding ester acids. For example, with ordinary alcohol 
mono-ethyl succinate is formed. 

C.H.<™>0 + C.H.OH.C,H.<JiO°gH'. 



Among the salts basic ferric succinate, 0^,0^. Fe(OH), is of 
special interest, as it is entirely insoluble in water, and can 
therefore be used for the purpose of separating iron and 
aluminium from manganese, zinc, nickel, and cobalt quanti- 
tatively. 

Experiment 86. Make a neutral solution of amjnoniuin succinate 
by neutralizing an aqueous solution of the acid, and boiling off all escess 
of ammonia. Add some of tbia solution to a solutJon hnown to contain 
manganese and iron ill the ferric state. A brown-red precipitate will be 
formed. Filler and wash, and examine the filtrate for iron. 

CH(OO..H), 
leoeuocinio acid, ethylidene-auccinic acid, I 

CH» 
This acid is made by treating «-cyan-propionic acid with an 
alkali. (What is wcyan-propionic acid ?) 

Isosuccinio acid forms crystals that melt at 130°. Heated 
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above its meltiDg-point it breaks up into propionic acid and 
carbon dioxide: — 

CH(COjH), CH,CO,H 
I = I +C0, 

CH, CH» 

TBOBoeclDle AcId FroploDlc idd 

B'oTB roR SniDBNT. — Notice carefully the difiereoce between the two 
Buccinic acids, as ahonn by theii conduct nben beated. Wbat is the 
diflerence ? 

Acids of the ftirmula 0,HsO,[C^(CO,H)t]. — Four 
acids of the formula CjHgO^ are known, only one of which, 

however, need be mentioned here. This is, — 

Pyrotartario acid, I — As the name indi- 

CH,.COtH 
cates, this acid may be made by dry distillation of tartaric acid. 

Tri-acid Ai^ohols 
• The existence of mon-acid alcohols corresponding to the mon' 
acid bases, like potassium hydroxide, and of di-acid alcohols 
corresponding to the di-acid bases, like calcium hydroxide, sug- 
gests the possible existence of tn-ocid alcohols corresponding to 
tri-acid bases, like ferric hydroxide. There is only one alcohol 
of this kind derived from the paraffin hydrocarbons that is at all 
well known. This is the common substance glycerin or glyceroL 

Glycerol, elycerin, propantriol, CjH,Og. — As has been 
stated repeatedly, glycerol occurs very widely distributed as the 
alcoholic or basic constituent of the fats. The acids with which 
it is in combination are mostly members of the fatty acid series, 
though one, oleic add, which is found frequently, is a mem- 
ber of another series. Besides oleic acid the two acids most 
frequently met with in fats are palmitic and stearic acids. 
When a fat is saponified with caustic potash, it yields free 
glycerol and the potassium salts of the acids. The reactions in 
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the case of t^e glycerol compounds of palmitic and stearic acids 
are ttese ; — 

Formation 

CjHb(OH)3+3 ho . OC . CuHa=Ci,H.(0 . OC . C„Hs,),+3 HA 

Olyc«rcil PalmlllD uld 61;»r/l trl-palmlUtc, 

orFalmlUu 

C,H.(OH),+ 3 HO . OC . C„H„= C»H,(0 . OC . C„H„),+3 H,0. 

Olyoerol Swirlc kM Olywrjl trt-iUante, 

Saponification 
C3H,(0 . OC . C„H„)s + 3 KOH = CaH,(OH), + 3 CH^ . CO^. 

Piluiltin 0l7«rDl Potauluui ptdmltate 

C»H,(0 . OC . C„H«,), + 3 KOH = C,H,(OH), + 3 C„H„ . CO^. 

Eteirlii Olynrol FoUulum lUinte 

The fata are also decomposed by superheated steam, yield- 
ing free glycerol and the free acids, and this method is used 
OD the large scale, a little lime being added to facilitate the 
process. Lead oxide decomposes fats yielding a mixture of 
glycerol and the lead salts of the acids. The mixture is known 
in medicine as " lead plaster." 

Glycerol is formed in small quantity by the alcoholic fer- 
mentation of sugar. 

It has been made synthetically from propylene chloride, 
0)H(Cly The necessary steps are: (1) treatment with chlo- 
rine, giving CjHjClji (2) treatment of the tri-chlorine derivar 
live with water, thus replacing the three chlorine atoms by 
hydroxyl. Another synthesis of glycerol has been effected by 
starting with formic aldehyde. When this is treated with 

r CHjOH 
nitromethane, a compound of the formula OiNC \ CHtOH 

(.CHsOH 
is formed. By reduction this gives the substance 
(CH^H 
HOHNC \ CHjOH. 
(CH^H 
From this in turn by elimination of the constituents of methyl 
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alcohol the oxime, HONC i ^^'^^, is formed. By Bubsti- 

{_ GH|OH 
tuting oxygen for the oxime group NOH, dihydrozy acetone 
CHiOH 

CO , results, and by reduction this is easily converted into 
CHjOH 
glycerol. 

Glycerol is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in 
all proportions but is insoluble in ether. It attracts moisture 
from the air. At low temperatures it solidifies, forming 
deliquescent crystal a- which melt at 28°. Pure glycerol boils at 
290° without decomposition. If salts are present it undergoes 
decomposition at the boiling temperature. Under diraiDisbed 
pressure it can be distilled ; but, when heated to its boiling-point 
under the ordinary atmospheric pressure, it undergoes decom- 
position. It is yolatile with water vapor. 

Glycerol is used to some extent in medicine, but its chief 
use is in the manufacture of nitro-glycerin. 

Experiment 87. Heat a little commerciEi] glycerol In a dry vesael, 

and try to tmil it. What evidence have you that it undergoes decompost- 
tjon ? Put Wf^ to 30" glycerol in 400" to 600™ water in a as«k ; connect 
with a condenser, and boil. Does glycerol pass over with the water vapor 7 

The reactions of glycerol all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced successively 
by chlorine, giving the compounds, — 

aUorhydrin, C^kA ^' ; 

Dichlorhydrin, CjH.Jqj^; 
and Tricblorkijdnn, CgHjClj. 

The last compound is really trichlorpropane. 
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(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetic anhydride these reactions take place : — 
( OH ( OC,H,0 

1. C,hJ oh + (C^,0),0 = C,H.-j OH + C^.Oj. 

(oh (OH 

(OH (OC»H,0 

2. CsHJ OH + 2 (C^O)/) = CjH,-] OC,HaO + 2 CiH^O^ 

(OH (OH 

( OH ( OCjHsO 

3. C,H, ^ OH -)- 3 (CjHjO)p = CjH, -] OC,HgO + 3 CH^Oj. 

(OH (OCjH,0 

In regard to the relations of the hydroxyl groups to the parts of 
the radical C,Hm it appears highly probable that each hydroxyl 
is in combination with a difEereut carbon atom as represented 

CHgOH 
in the formula CEOH . 
CHiOH 
In the first place, it has been shown that compounds con- 
taining two hydroxyls in combination with the same carbon 
are unstable. They readily lose water. It would follow from 
this that the simplest tri-acid alcohol must contain at least 
three atoms of carbon, just aa the simplest di-acid alcohol 
must contain at least two atoms of carbon. We have seen 
that the simplest tri-acid alcohol known does contain three 
atoms of carbon. 

CHjOH 

Further, if the formula of glycerol is CHOH , it coutal 

CHiOH 
primary alcohol groups, CHjOH, and one secondary i 
group, CHOH, and we have seen that the group CHj 
converted into earboxyl under the influence of oxidizing s 
and the group CHOH into carbonjl CO. Therefore, we 
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expect by oxidizing glycerol to get products of tlie formulas, 
COiH COiH COOH 

J I I 

CHOH , CHOH, and CO . Products of these formulas actually 
I I I 

CHaOH COsH COOH 

are obtained, the first being glyceric acid (which see), the second 
tartronic acid (which see), and the third a compound closely 
related to mesoxtUic acid (which see). 

Just as ethyl alcohol is regarded as water in which one 
hydrogen is replaced by the univalent radical CjHi, as '«" [ O i 
and glycol is regarded as water in which two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 



C^i, as C1H4 ; so also glycerol maybe regarded as water 
H >" 

in which three hydrogen atoms of three molecules are replaced 

by the trivalent radical GjHf, thus : — 

HOH fOH 

HOH CsHJoH. 

HOH I OH 

ThrH molMDlei mtsr Otrcwol 

Elthereal salts or esters of glyoerol. — Among the im- 
portant esters of glycerol are the nUratea. Two of these 

fOSOj 
are known; viz., the mono-nitrate, C|Hf|oH , and the tri- 

[oh 
nitrate, CaHB(OKOj)j, the latter being the chief constituent of 
nitro-glycerin. Nitro-glyoerin is prepared by treating glycerol 
with a mixture of concentrated sulphuric and nitric acids. It 
is a pale yellow oil that is insoluble in water. At — 20° it 
crystallizes in long needles. It explodes very violently by 
concussion. It can be burned in an open vessel, but if 
heated quickly it explodes. The products of the chemical 
change that takes place are carbon dioxide, steam, and 
free nitrogen. As heat is evolved the gases expand ao^ 
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in fact, they occupy 10,000 times that of the nitro-glycetin. 
This accoimts for the enormoua explosive powei of the 
substance. DynawM^ is iofusorial earth impregnated with 
nitro-glycerin. Mixed with nitrocellulose (which see) it 
forms smokeless powder. It is the active constituent of other 
explosives. 

When treated with a caustic alkali, nitro-glycerin is saponi- 
fied, yielding glycerol and a nitrate. This shows that it is an 
est^r of nitric acid, and not a nitio-compound. 

Fats. — The relation of the fats to glycerol has already 
been stated. Most fats are mixtures of the three neutral 
esters that glycerol forms with palmitic, stearic, and oleic 
acids, known by the names palmilin, stearin, and olmTi. Oleia 
is liquid, and the other two fats are solids, stearin having the 
higher melting-point. Therefore, the larger the proportion of 
olelin contained in a fat, the softer it is, while the greater the 
proportion of stearin, the higher its melting-point. Among 
the fats that are particularly rich in stearin may be men- 
tioned mvtttm tatlow, beef tallow, and lard. Human fat and 
'palm oil are particularly rich in palmitin. Sperm oil and cod- 
liver oil are rich in olelin. Fats occur very widely distributed 
in nature, both in plants and animals. They are of the highest 
importance from the physiological point of view, forming one 
of the three great classes of food-stuSs. 

Butter consists of ethereal salts of glycerol and the follow- 
ing acids : myristic, palmitic, and stearic acids, which are not 
volatile, and butyric, eaprol'c, caprylic, and capric acids, which 
are volatile with water vapor. All the acids mentioned are 
members of the fatty acid series. Some of these acids are sol- 
uble and some are insoluble in water. The percentage of in- 
soluble fatty acids contained in butter has been found to be 
88 per cent As the proportion of insoluble fatty acids con- 
tained in artificial butters, such as the so-called cHetymargarin, 
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is gteater than that contained in butter, it is not a difficolt 
matter to distinguish between the two by determining the 
amount of these acids contained in them. 

Tri-basic Acids 

Tri-oarbailylic acid, C»Hj(COsH>». — This acid can be 
made from trichlorhydrin, CjIIjCla (which see), by replacing 
the chlorine by cyanogen, and heating with an alkali the tri- 
cyankydrin thus obtained. It can be made also by treating 
aconitic acid (which see) with nascent hydrogen. It crystal- 
lizes from water in orthorhombic prisms which melt at 166°. 

Tete-acid Alcohols 

Erythrol, erythrite, C4H,„04[C*H8(OH)»]. — The bu1>- 
stance occurs in one of the algae {Protococcu^ vulgaris) and in 
several lichens. It crystallizes from water in quadratic prisms. 
It has a very sweet taste. The fact that the simplest tetr-acid 
alcohol contains four atoms of carbon should be specially noted. 



There is no well-known tetra-baaie acid derived from the 
hydrocarbons of the paraffin series. 



Pent-acid Alcohols 



One pent-acid alcohol occurs in nature in Adonis vemalis, 
and it is hence called adonite. It is also formed by reduction 
of ribose (which see). 

By reduction of xylose (which see) a pent-acid alcohol, called 
xylite, is formed; and by reduction of arabinose (which see) 
another called arabile is formed. 

All the above-named alcohols have the formula C(HuO, 
[CjH,(0H)5]. There are three modifications of arabito — two 
optically active, and one inactive. There is still another pent- 
acid alcohol known as rltamnite, formed by reduction of rham- 

D,a,l,zc.bvG00gIe 



HEX-ACID ALCOHOLS 



nose (which see). This haa the composition represented by 
the formula C,H,A[CH,.C.H,(OH).]. 



Two pentabaaio acids have been made, but they are of no 
special importance. 

Hex-acid Alcohols 
There are several hex-acid alcohols known. Most of them 
are derived from hezane, and have the composition represented 
by the formula CgHs(OH)^ It will be noticed that these hex- 
acid alcohola contain six carbon atovis each. 

Manuitol, mannite, O^gCOKja. — Mannite is very widely 
distributed in the vegetable kingdom. It occurs most abun- 
dantly in mann&,' which is the partly dried sap of the mannO'ash 
{Fraxinus otoim), a tree cultivated in Sicily. It is obtained 
from incisions in the bark of the tree. Manuitol makes up 30 to 
60 per cent of manna. It is found also in certain mushrooms 
and in celery, in olives, and in the leaves of syringa (mock 
orange) and in many other plants. It forms 20 per cent of 
dried Agaricu» integer. 

Mannite is formed in the lactic acid fermentation of sugar. 
It is formed also by the action of nascent hydrogen on fructose 
and maunose. It crystallizes in needles, or rhombic prisms, 
easily soluble in water and in alcohol. It has a sweet taste. 

Nitric acid converts mannite into manno-Boccharic acid 
(which see). When boiled with concentrated hydriodic acid, 
it is converted into secondary hexyl iodide, CgH,J. 

Uatinlte heza-nitrate (nitro-mannite), GeHa(0-NO:)u, is 
formed by treating mannite with a mixture of concentrated 
sulphuric and nitric acids. It is a solid substimce and is very 
explosive. (Analt^ with nitro-glycerin.) 
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Mannite hex-acetate, OgHgtO.CjH^O)), is formed by treat- 
ing manDite with acetic anhydride. Its formation, as well as 
that of the hexa^nitrate, shows that mannite is a hex-acid alco- 
hol. 7%e nu77iber of acetyl groups that enter into a compound 
token it is treated with acetic anhydride shows how many hydroxyl 
groups are in the compound. 

There are three varieties of mannite — the ordinary, known as 
dearfro-Tnanniie, and, further, levo-mannite, and inactive inannite. 

Dulcite, C(Ha(OH),. — This occurs in a kind of manna 
obtained from Madiigascar, the source of which, however, is 
unknown. It is formed by treating sugar of milk or galactose 
with nascent hydrt^en (compare with mannite in this respect). 

Nitric acid oxidizes dulcite, forming mucic acid (which see), 
isomeric with manno-saceharic acid, which is formed from 
mannite. Like mannite, when boiled with hydriodic acid it 
yields secondary hexyl iodide, C«HjjI. 

Sorbite, CoHa(OH)B+ IJHaO. — Ordinary sorbite occurs in 
the berries of the mountain ash, aorb apple, and other fruits, 
as plums, cherries, apples, etc. It is formed by reduction of 
glucose, and also together with mannite by the reduction of 
fructose. This variety 13 known as dextro-sorbite, because it 
is formed from glucose, which is dextro-rotatory. Lasvosorbite 
is also known, having been obtained by the reduction of Isevo- 
gulose. 

There are no hexorbaaic acids known belonging to this series. 



Hept-acid Alcohols, etc. 
Perseite, CgHgCOH)?, occurs in the fruit and leaves of 
Laurua persea, and has been made artificially from dextro- 
mannose, by treating it with hydrocyanic acid, converting the 
nitril thus formed into the corresponding acid, and reducing 
this acid. It is also called dextro-mannokeptite. By similar 
reactions an oct-acid and an alcohol with nine hydroxyla have 
been made from glucose. 
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BOXED COHPOinn>S— DERIVATIVES OF THE PARAFFINS 

Under this head are included compounds that belong at the 
Bame time to two or more of the chief classes already studied. 
Thus, there are substances which are at the same time alcohols 
and acids. There are others which are at the same time alco- 
hols and aldehydes, alcohols and ketones, acids and ketones, 
etc. Fortunately, for our purpose, the number of compounds 
of this kind actually known is comparatively small, though 
among them are many of the most important natuial com- 
pounds of carbon. The first class that presents itself is that 
of the alcohol acids m add alcohols; that is, substances that 
combine within themselves the properties of both alcohol and 
acid. They are commonly called 03^-acids or hydroxy-acids. 

Hydboxy-acids, C^HtaOj 
These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxy! has been introduced, or as mon- 
acid alcohols into which one carboxyl has been introduced. As 
their acid properties are more prominent than the alcoholic 
properties, they are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
aeries of hydroxy-acids, each of which differs from the corre- 
sponding fatty acid by one atom of oxygen, or by cont^ning 
one hydrozyl in the place of one hydrogen, thus : — 

Fittf uids H;ilnuT-usldi 

H.COjH HO.€0,H. 



CHs.CO,H 

C,H,.CO,H 
etc 



^OH 
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The first member of the series, which by analogy would be 
called hydroxy-formic add, is nothing but the ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of the next member of the series to acetic 
acid, it has no properties in common with the alcohols; but, 
owing to its peculiar structure, it is a dibasic acid which the 
other members of the series are not. Nevertheless, it may be 
referred to here for the sake of a few of its derivatives, which 
are somewhat allied to those of the hydroxy-acids proper. 

Carbonic acid, H,C03fC0<95] It is believed that 

this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble dibasic acid, and 
breaks up into water and carbon dioxide whenever it is set 
free from its salts. We have seen that this instability is 
generally met with in compounds containing two hydroxyls in 
combination with one carbon atom. 

Among the derivatives of carbonic acid that should be 
mentioned here are the ethereal salts. These may be made : — 

1. By treating silver carbonate, C0<^,^, with the iodides 
of ^cohol radicals ; as, for example, — 

-OAB^!.r.Hi-nn^OC,H. ,. , 



2. By treating the alcohols with carbonyl chloride, COCli: — 
COClj + 2 CjHjOH = CO(OC,H,), + 2 HCl. 

Ethyl ohlor-oarbonate, OC < ^^ „ ■ — This compound is 

made by treating alcohol with carbonyl chloride : — 

COClj + C2H5OH = OC < ^J, ^ + HCl. 

It may be regarded as the ethyl ester of mono-chlor-formic 
acid, Cl.COOH; and, properly speaking, should be called ethyl 
cblor-formate. 



D,a,l,zc.bvG00gIe 



ETHYL CHLOR-CAEBONATE 159 

Caxbon bisulphide acts like carbon dioxide towards alkar 
lies and alcohols, and thus a number of ether acids aAd 
ethereal salts containing sulphur can be made. Thus, when 
carbon bisulphide is added to a solution of caustic potash in 
alcohol, a potasaium salt of the formula SC< ' ' is formed. 
This is called potassium xantJiogenate. Free xanthogenic acid 
is very unstable, breaking up into alcohol and carbon bisul- 
phide. The formation of the salt is represented by the follow- 
ing equation ; — 

CS, -I- KOH -I- C,H,OH = SC < g^'^* + H,0. 

A similar salt made from ordinary amyl alcohol has been used 
for the piirpfae of destroying phylloxera, the insect which is so 
destructive to grape-vines, particularly in the wine districts of J 
■ Prance. v 

OenercU vwthods for the preparation of hydroxy-aeids. The 
methods available for making the hydrosy-acids are modifica- 
tions of those used for makiug alcohols and acids. 

Starting with a mon-acid alcohol, a hydroxy-acid can be 
made by the same methods that were used in making an acid 
from a hydrocarbon. Suppose, for example, that it is desired 
to make acetic acid from marsh gas. The reactions that may 
be used are: (1) the preparation of a halogen derivative; 
(2) conversion of the halogen derivative into the cyanogen 
derivative; and (3) conversion of the cyanogen derivative into 
the acid. The results of these operations are described by 
saying that carboxyl has been introduced. By similar opera- 
tions carboxyl can be introduced into methyl alcohol, and the 
product is hydroxy -acetic acid. 

It is, however, generally better to start with an acid, and 
introduce hydroxyl. This can be done in several ways; — 

1. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 
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™-<C0.H + ™0_CH,<O«_j, + HBr. 



2. By treating an amino derivative of an acid with nitrous 
acid (see page 100) : — 



CH,<; 



3. By treating a salt of a sulphonic-acid derivative of an acid 
with caustio potash : — 

Bolpho-iHwtlc idd 

The first two of these reactions have been described and 
mentioned as affording methods for the introduction of hy- 
droxyl into hydrocarbons. It will be seen that the only dif- 
ference between the reactions used in making alcohols and 
those used in making hydroxy-acids is that in one case we 
start with the hydrocarbons, while in the other we start with 
the acids. 

Qlyoolic acid, li7droxT-acdtic acid, oxy-acetic acid, 
ethanolio acid, C^p3fCHj<QQ„j. — Glycolic acid is 
found in nature in unripe grapes, and in the leaves of the wild 
grape (Ampelopsin hederacea). 

It can be made &om glycocoll, which is amino-acetio acid (see 
reaction 2, above), from brom- or chlor-acetic acid and water 
(see reaction 1, above), and Iqr the oxidation of glycol: — 

CHjOH CO,H 

I +0,= | +H,0. 

ClI^H CHjOH 

0]jco[ Olfcolic acid 

This consists in transforming one of the primary alcohol groups, 
CHjOH, contmned in glycol, into carboxyl. (What would be 
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formed by converaion of both the primary alcohol groups of 
glycol into carboxyl?) It can also be made by careful oxida- 
tion of ethyl alcohol with nitric acid. For this purpose a 
mixture of alcohol and nitric acid is allOTred to stand until no 
further action takes place. 

Glycolic acid forma crystals that are easily soluble in water, 
alcohol, and ether. 

As an acid, glycolic acid forms a series of salts mtii metals, 
and ethereal salts with alcohol radicals. The latter, of which 
ethyl glycolate may be taken as an example, can be made by 
means of one of the reactions usually employed for making 
ethereal salts j for example, by treating silver glycolate with 
ethyl iodide: — 

In this reaction, as well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains unchanged. 
As an alcohol, glycolic acid forms ethers of which ethyl- 



Been that this is isomeric with ethyl glycolate. But while the 
latter has alcoholic properties, the former has acid properties. 
Ethyl glycolate is a liquid that boils at 160°. Ethyl-gly colic 
acid is a liquid that boils at 206° to 207°. Finally, as an 
alcohol, glycolic acid forms ethereal salts, of which acetyl- 
glycolic acid may serve as an example. This is glycolic acid 
in which the hydrogen of the hydroxyl is replaced by acetyl, 
CHi<^C^ . As will be seen, this bears the same relation to 
glycolic acid and acetic acid that ethyl acetate, CiHj.O.CtHgO, 
bears to alcohol and acetic acid. 

Glycolic acid and some of the other acids of the series lose 
water when heated, and yield peculiar anhydrides. The prod- 
uct obtained from glycolic acid is called ^ycciide. It has 
neither acid nor alcoholic properties, and is, therefore, be- 
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liered to be derived from glycolie acid as represented in this 
equation : — 

f.„ CH,-0-CO 

2CH,<"" =1 I +2H,0. 

COOH cQ _0-CH, 

GlfcoUds 

It is plainly a double ester resulting from the interaction of 
the alcoholic hydroxy! of one molecule of the glycolie acid with 
the carboxyl of the other. It is also formed by distilling 
sodium brom-acetate in a vacuum r — 

CH,-0-CO 
I I + 2NaBr. 

CO -0-CH, 

Glycolide is insoluble in cold water. When boiled for a long 
time with water, it is converted into glycolie acid. 

Lactic acids, hydroxy-propionic acids, oxy-propionic 
aoide, CaH»08(C!H»<QS'CT). — In speaking of propionic 
acid, it was pointed out that two series of substitution-products 
of the acid are known, which are designated as the a- and ^■ 
series. Accordingly we should expect to find two hydroxy- 
propionic acids, the «- and the ^acid. Two lactic acids have 
been known for a long time. One of these is ordinary lactic 
acid; the other a variety that is found in meat, and hence 
called sarco-lactic acid. But, strange to say, a thorough in- 
vestigation of these two acids has proved that both must be 
represented by the same structural formula, as both conduct 
themselves in exactly the same way towards reagents. Further, 
two other hydroxy-propionic acids are certainly known. The 
facts then are these : four acids are known, all of which are 
hydroxy -propionic acids. Our ordinary theory enables us to 
foretell the existence of only two. Before discussing this 
apparent discrepancy let us briefly study the acids themselves. 
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1. Lactic acid, icaotive ethylidene-laotic acid, a-hy- 

droxy-propionio acid, OHj-CH <-,„„. — Lactic acid is 

made by the fennentation of sugar, as has already been de- 
scribed under Butyric Acid (which see). The process is car- 
ried out beat by dissolviDg cane sugar and a little tartaric acid 
in water; then adding putrid cheese, milk, and zinc carbonate, 
the object of which is to prevent the solution, from becoming 
acid, as the presence of free acid is fatal to the ferment. Lac- 
, tic acid can also be made by fermentation of sugar of milk, 
and is hence contained in sour milk ; by boiling a-chlor-pro- 
pionic acid with alkalies, — 

CH,.CH < cOjH + I^OH = CHa.CH< ^^ jj+KCl; 

and by treating alanine (a-amino-propionic acid) with nitrous 
acid, — 

Lactic acid is a thick liquid that mixes with water and with 
alcohol in all proportions. 

When commercial lactic acid of specific gravity 1.21 is dis- 
tilled under much diminished pressure (1 mm. of mercury) and 
the distillate allowed to stand in a freezing-mixture for a time, 
it takes the form of crystals that melt at 17°.5-18°. 

Treated with hydriodic acid, it is reduced to propionic acid, 

CHj-CH < ^^ jj + 2 HI = CH3.CH,.C0,H + H,0 + Ij. 

2. Sar co-lactic acid, deztro-ethylidene-laotio aoid, 
CH3CH< QQ ^- — This acid occurs in the liquids expressed 

from meat. It is therefore contained in "extract of meat," 
and can be obtained most readily from this source. 
Its properties are, for the most part, like those of inactlTe 
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lactic acid, and its conduct towards reagents is in all respects 
the same. Its salts are somewhat more easily soluble than 
those of ordinary inactive lactic acid. The chief difference 
between the two ia observed in the action towards polarized 
light. Dextro-lactie acid t.^ifni thu plana n f polarization to t he 
right, '^ts. salts are all leyo-rotatorv. On the otEernSi37 
neither inactiveTScCc acid nor its salts exert any action upon 
polai-ized light.* 

3. Levo-lactic acid, OH,-CH<no H — ^ tbird variety 
of etbyli dene-lactic acid, that turns the plane of polarization 
to the left, is formed from cane sugar by the action of a certain 
bacillus found in a spring-water. By fractional crystallization 
of the strychnine salt of ordinary inactive lactic acid two kinds 
of crystals are obtained. The acid separated from one kind is 
sarco-lactic, or dextro-1 actio, acid ; while that separated from 
the other kind is levo-lactic acid. This method of splitting 
the inactive acid into the two active varieties is applicable to 
many other similar cases. The relations between these three 
acids are of the same kind as those existing between the three 
varieties of tartaric acid (which see). 

4, Hydracrylio aoid, lOHjOH 
j8-hydroxy-propionio aoid, JOHj.CO^H 

Hydracrylic acid is made by boiling /3-iodo-propionic acid with 
water or silver oxide and water: — 

CHJ CH,.OH 

I +HHO= I -I- HI. 

CHfCOjH CH^CO^H 

CH, 
It is made also by starting with ethylene || . When this 
CH, 
hydrocarbon is treated with hypochlorous acid, HOCl, it is con- 

I See ictlie ipd Innctlre ud jl ■Icohols, p. W. 
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CHsCl 
verted into ethylene-chlorhydrine, ). (which see). By 

CHjOH 
replacing the chlorine with cyanogen, and boiling the cyan- 
CHiCN — " 

' byilrine, | , thus obtained, with an alkali, hydractylic acid 

r CHjOH 

is obtained. 

These reactions clearly show that hydracrylic acid is an 
ethylene compound, and, as it is made from ^-iodo-propionic 
acid by replacing the iodine with hydroxyl, it follows further 
that the jS-substitution-products of propionic acid are ethylene 
products, and that the a-products are ethylidene products (see 
p. 132). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. When heated, it 
loses water and is transformed into acrylic acid, CHjiCH.COjH 
(which see). 

The difference in conduct between ethylidene-lactic acid and 
ethylene-lactic acid, when heated, is interesting and suggestive. 
When ethylidene-lactic acid is heated, both its acid and alco- 
holic properties are destroyed, both the alcoholic and acid 
hydroxyls taking part in the reaction. Whereas, when 
ethylene-lactic acid is heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

There are then more hydroxy-propionic acids known than our 
theory of linkage in its simplest form can account for. Other 
cases of this kind are known, and one very marked and 
especially interesting one will be taken up when tartaric acid 
is treated of. It will be shown that just as there are two 
active lactic acids and an inactive one, so there are two active 
tartaric acids and an inactive one, which conduct themselves in 
the same way towards reagents, and must hence be represented 
by the same structural formula. 

We hare here to deal with a new kind of isomerism. Cora- 
pounds may conduct themselves chemically m the same way, 
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and yet differ in some of their physical properties, as in their 
action towards polarized light. To distinguish this kind of 
isomerism from ordinary chemical isomerism it has been called 
physical isomerism. 

An ingenious hypothesis has been put forward by way. of 
explanation of that particular kind of physical isomerism which 
shows itself in the action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
■whatever to do with the relations of the atoms and groups in 
space. They indicate cliemical relations that are discovered by 
a study of cliemical reactions. 

Let us suppose that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedron, and that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron, as represented in Fig. 10. 

If these groups are all different in kind, and only in this 
case, it is possible to arrange thera in two ways with reference 
-to the carbon atom. The difference between the two arrange- 





Fig. 10. 



Jig. 11. 



ments is that which is observed between either. one and its 
reflection in a mirror. Imperfectly the second arrangement 
is shown in Fig. 11.' 
* A carbon atom, in combination with four different kinds of 
[ atoms or groups, is called an asijmmelricol carbon atom. When- 
ever, therefore, a comi)ound contains an asymmetrical carbon 
atom, there are .two possible arrangements of its parts in space 



wire and wooden 



only by m 



. Thws OMi euUy b« to 
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-vhich correspond to the two compIemeDtary tetrahedions, viz., 
the right-handed and the left-handed tetrahedron. 

In ethylidene lactic acid there is an asymmetrical carbon atom, 
as shown by the ordinary formula, which may be written thus : 
H 
I 
CHg — C — OH, the central carbon atom appearing in combination 
I 

COjH 
with (1) hydrogen, (2) hydroxyl, (3) earboxyl, and (4) -methyl. 
Hence, according to the hypothesis just stated, there ought to 
be two possible arrangements of the constituents of this com- 
pound, one corresponding to the right-handed tetrahedron, the 
other to the left-handed tetrahedron. Both would be ethylidene- 
lactic acids. The inactive variety is formed by the combination 
of the two active varieties, and must, therefore, have a greater 
molecular weight than these. 

The branch of chemistry that has to deal with the kind 
of isomerism just referred to is called stereo-chemistry. The 
phenomena of stereo-chemistry have been the subject of exten- 
sive investigation, and the facts established furnish a strong 
foundation for the theory briefly expounded above. 

Hydroxy-sulphonio soids. — It has been pointed out that 
the sulphonic acids and the carbonic acids are analogous : that, 
for example, methyl-sulphonie acid, CHj. SO3H, is analogous to 
methyl-carbonic or acetic aciil, CHj.COjH. Now, just as the 
hydroxy-acids already treated of are derived from the carbonic 
acids by the introduction of hydroxyl, so there are hydroxy- 
acids derived in a similar way from the sulphonic acids. 
Only one such acid is well known. It is — 

leethionic acid, C^Hi < „_ _, also called p-hydroxij-ethyl- 
sulphonic acid. In composition it is analogous to the hydroxy- 
propionic acids. It is prepared by passing sulphur trioxide into 
well cooled alcohol or ether and boiling the product with 
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water; and also by treatiDg taurine (which see) with nitrous' 
acid: — 

CHj.NH, CHiOH 

i +HNO,= I +H,0 + Nf 

CHfSOjH C!Ha.SO,H 

Lactokes 

I The monohydroxy-monobaaic acids of the paraffin series are 
designated aa a-, ^,.y-, S-, etc., acids, accordicg to the position 
of the hydroxyl with reference to the cavboxyl. When the 
hydroxyl is united with the carbon atom with which the car- 
boxyl is united the product is called an o-hydroxy-acid. When 
the hydroxyl is united with the next carbon atom in the chain 
the product is called a j8-hydroxy-acid, etc. The following 
examples will make this clear : — 

Acids of the formulas 
CHa(OH).CO,H, CH,.CH(OH).CO,H, CHj.CH^CH(OH}.CO^ 
are a-hydroxy-acids. 
Acids of the formula 

CH^OH).CHfCO,H, CH^CH(0H).CH,.CO,H, 
CHj.CHrCH(OH).CHrCOjH are ^-hydroxy-acids, 
Acids of the formulas 

CH((OH).CH^CHj.CO,H, etc., are y-hydroxy-acids. 
Similarly an acid of the formula 

CHj(OH).CHs.CHi.CH,.COjH is called a J^hydroxy-acid. 
The y and S-acids differ from the others in this respect that 
they lose the elements of water when set free from their salts. 
Thus, when a salt of y-hydrosy-butyric acid in solution is 
treated with a mineral acid, a neutral compound is precipitated 
and not the acid corresponding to the salt The compound 
thus formed is called a Uictone. The reaction between sodium 
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y-hydroxy-butyrate and hydrochloric acid is represented by the 
following equation ; — 

CH^OH) .CH^CH^COjKa + HCl 
= CH^CH^CH^CO + NaCI + H.O. 

The change from the free acid to the lactone may be repre- 
sented thus : — 



CHj.CH^OH) CH,.CH, 
I = I 

CH,.CO.OH CHj.CO 



>4 



The reaction is similar to that which takes place when suc- 
cinic acid is heated : — 

CH,.CO.OH CH,.COv 

I = I >0 + H,0. 

CHj.CO.OH CH,.CO/ 

The product in this case is an anhydride. The lactones may 
be defined as anhydrides of hydroxy-acids. They are neutral, 
but they form the salts of the corresponding hydroxy-acids 
when they are boiled for some time with bases in solution. 

Hydroxy-acids, C.H^O, 

The acids just treated of are called monohydroxy-monobasie 
acids. Similarly, there are dihydroxg-monobasic acids, which 
are derived from the m on ohydroxy -acids by the introduction of 

a hydroxyl should be introduced into the methyl, the product 

CH,.OH 

I 
would have the formala CH.OH. This is the best-known 

I 

CO,H 
dihydrozy-monobasic acid of the paraffin series. 



a second hydroxyl. Thus, if into lactic acid, CHj.CH < 
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Glyceric acid, propandiolic acid, 0aH,O, 



OHjOH 
CHOH 
CO,H 



This acid has been referred to as the first product of the oxidar 
tioii of glycerol. It is prepared by allowing glycerol and nitric 
acid to stand together at the ordinary temperature for some 
time, and then heating on the water-bath. It can also be made 
by treating ^chlor-lactie acid with water. , 

An optically active variety of glyceric acid has been obtained 
from the inactive variety. . It will be seen that the acid con- 
tains an asymmetric atom. 

Glyceric acid is a thick syrup that mixes with water and ■ 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into ^-iodo-piopionic acid. This conversion 
involves two reactions: — 

CH,OH CHjI 

I I 

(1) CHOH + HI = CHOH + HA and 
I I 

CO,H CO,H 

CH,I CH(I 

I I 

(2) CH0H + 2HI = CH, -(- HjO + 2L ■ 

I I 

COsH COjH 

Other Hydroxy-monobasic Acids 



Just as by oxidation of the tri-acid alcohol, glycerol, a dihy- 
droxy-monobasie acid can be formed, so by oxidation of the 
tetr-acid alcohol, erythrol, a trihydroxy-monobasic acid can be 
formed. This is ei-ylhrUic and. Its relation to erythrol is 
like that of glyceric acid to glycerol ; — 
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CHfiH 
I 
CHOH 



CHjOH 
Olycerol 



CO,H 



CHOH 

I 



CHjOH 

I 

CHOH 

I 

CHOH 

I 



CHjOH COiH 

Erythrol Erytbrlllc kM 

Similarly from the pent-acid alcoliols tetraliydroxy-mono 
basic acids, aiid from the hex-acid alcohols, pentahydroxy- ■ 
monobasic acids can be made. The latter are of special 
importance on account of their connection with the sugars. 

Mannonio acids, C^HiaOjCCjHgCOHjjCOjH).— Three acids 
are included iu this group. They are the dextro, the leva, 
and the intKtive vavieties, or d-' vuinuonic, t' mwinoitic, 
i-' mannoiiic acids. They are related to the three mannites 
and the three mannoses. As will he shown further on, the 
manuoses are pentahydroxy-aldehydes and the relations here 
referred to are represented by the following formulas : — 



CH,OH 

I 

CHOH 

I 

CHOH 

I 

CHOH 

I 

CHOH 

I 

CH,OH 



CH,OH 

I 



CHOH 
1 ■ 
CHOH 



CH,OH 

I 

CHOH 

I 

CHOH 



C0,1I 



The difference between the three mannonio acids is of the 
same kind as that between the three lactic acids. The dextro 
and levo varieties are complementary forms, while the inactive 
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variety is formed by a combination of the destro and levo 
varieties. 

Qluoonic acids, 0jH,jO,[C,H„COH),0O,HJ. — The glu- 
conic acids are related to the three glucoses in the sameway 
that the mannonic acids are related to the maDnoses. Dexti-o- 
gluconic acid is formed by the oxidation of glucose and of cane 
sugar.* When heated with quiuoline to 140°, it is partly eon- 
verted into d-mannonie acid. Similarly ttmaimonio acid is 
partly converted into d^luconic acid by the same process. 
Three CKilouio acids and three Q-alactonic acids of the 
same composition and structure as the mannonic and the glu- 
ccmic acids are also known. 
The existence of so many acids of the formula 
C,H,(OH),COjH 
is due to the fact that a substance made up as represented in 
the formula 

CH^H 

1 

CHOH 

I 

CHOH 

I 

CHOH 

I 

CHOH 

I 

CO,H 

cont^Ds four asymmetric carbon atoms, each one of which 
carries with it the possibility of the existence of three varie- 
ties. This subject will be more fully discussed under the 
sugars. 

Hydboxv-acids, CnH^_,0, 

The acids included under this head are moiiohydroxy-dibasic 
acids. They bear the same relation to the dibasic acids of the 
oxalic acid series that the simplest hydroxy-acids bear to the 
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members of the formic acid series. The principal members of 
this series, and the only ones that will be treated of, are 
tartronic acid and malic acid. 

CO,I 

is prepared by an indirect method from tai-tario acid. It can 
be made, — 

(1) By boiling brom-malonic acid with silver oxide and 
water : — 

(2) By treating brom-cyan-aeetic acid with caustic potash : — 



= CH(OH)<™'| + KH, + KBr. 

Tartronic acid is a solid that crystallizes in prisms. It is 
easily soluble in water, alcohol, and ether. The anhydrous 

acid melts at 185-187° with evolution of carbon dioxide and 
water, and forms glycolide (which see) : — 

CH,-0-CO 



I +2 HA 
) _0-CHa 

OlywUda 
Note fob Student. — Compare reaction (1) with that which takes 
place when iso-sticcinic acid is heated, and nata the analogy. 

Three hydroxy-succinic acids have been described, the prin- 
cipal one being ordinary malic acid. 
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/CHCOH).CO^\ 
Malic acid, C^HjOj I ). — This acid is very 

widely distributed in the vegetable kingdom, as in the berries 
of the mountain ash, in apples, cherries, etc. 

It is beat prepared from the berries of the mountain ash 
which have not qnite reached ripeness. The berries are pressed 
and boiled with milk of lime. The acid passes into solution as 
the calcium salt, and this is purified by crystallization. 

It can also be made by treating aapartic acid, which is amino- 
succinic acid, CsH,(NHi) <r^o^ii' ^^^^ nitrous acid, and by treat- 
ing tartaric acid with hydriodic acid. This latter reaction will 
be explained when tartaric acid is treated of. Tartaric and 
malic acids are closely related to each other, and both are 
related to succinic acid, as will appear from the reactions. 

Malic acid is a solid substance that crystallizes with difB- 
culty. It is very easily soluble in water and in alcohol. Jta 
aolulions tui-n the plane of polarization to the right or to the lejt, 
according to the concentration. 

When heated it loses water and yields fumaric acid and 
mateic anhydride (which see). Fumaric and malel'c acids 
and both are represented by the formula 



following equation : - 



^CO,H " 



Mslic uld 






Note yoa Stodbnt. — Compare this reaction with that which takes 
place when hydracrylic acid la heated, and note die analogy. 

When treated with hydriodic acid, malic acid is reduced to 
succinic acid. 

KoTB FOE Stcdemt. — Compare this reaction witti the conduct of 
lactic and glyceric acids when treated with hydriodic acid. 
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Treated with hydrobroinic acid, rnaHc acid is converted into 
mono-brom-aucciDic acid. 

The reactions just described show clearly that malic acid is 
hydroxy-succinic acid. Nevertheless, if hydroxy-succinic acid 
is made by treating brom-succinic acid with silver oxide and 
water, the product is not identical with ordinary malic acid, 
though the two resemble each other very closely. The acid 
thus obtained is : — 

InaotiTe malio acid, OaHa(OH) < o^d- — Inactive malic 

acid can be made not only by the method first mentioned, but 
by several others, which indicate that the relation between it 
and succinic acid is that expressed iu the formula given. It, 
like ordinary malic acid, is unquestionably a hydroxy-succinic 
acid, and both are derived from ordinary succinic acid. 

Other reactions for the preparation of inactive malic acid 

(1) By treating dichlor-propionic acid with potassiimi cyanide, 
and boiling the product with caustic potash : — 

CH,C1.CHC1.C0,H + KCN 
CHjCN 
= 1 +KC1; 

CHC1.C0,H 
CH,CN 
and I +2KOH-|-H,0 

CHCl.COjH 

CH,.CO^ 
= I -l-KCl + NHa. 

CH(OH).CO,H 

(2) By heating fumaric acid with water : — 

(3) By reducing racemic acid with hydriodic acid. Bace- 
micacid has the same composition as tartaric acid. The latter, 
when treated with hydriodic acid, yields active malic acid. 
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The properties of inactive malic acid are very much like 
those of active maJic acid. As regards their chemical conduct 
they are almost identical. The principal difference between 
them is observed in their conduct towards polarized light. 
They present a new case of physical iaomeriam of the same 
kind as that referred to in connection with the lactic acids 
(which see). 

Deztro-tnalio aoid. — Inactive malic acid bears the same 
relation to two active acids that inactive lactic acid bears to the 
two active' varieties of that acid. When the cinchonine salt of 
inactive malic acid is subjected to fractional crystallization, two 
different salts are obtained. One of these is derived from 
ordinary levo^malic add, while the other is derived from the 
c dextro-maiic add. 



Hydboxt-acidb, C„Hj,^Og 
These are di-hydroxy-dibadc adds. The chief members of 
the group are mesoxalic acid and the different modifications of 
tartaric acid. 

Mesoxalio acid, 0,H,O.(0COH)i<°2H)- — ^^'« ^^ 
is obtained by indirect and rather complicated reactions from 
uric acid (which see). It has been made also by boiling di- 
brom-malonic acid with baryta-water and by oxidizing glycerol 
(see p. 152). 

NuTB vOR Studbht. — Explain thU Tesctloii. 

The acid forms deliquescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

CO,H cO,H 
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Mesoxalic acid affords an example of a rare condition ; viz., 
the existence of a compound in wliich two hydroxyls are in 
combination with one and the same oaibon atom. This same 
condition exists in chloral hydrate. The acid readily loses 
water and passes over into the form C0(CO0H)a. 

Di-hrdroxr-succinio acids, CHsOef CjHaCOH)^ < q^i^h)* 

CH(OH) - CO=H 
1. Tartaric aoid, I ■ — Ordinary tartaric acid 

CH(OH).CO,H 
occurs widely distributed in fruits, sometimes free, sometimes 
in the form of the potassium or calcium salt ; as, for example, 
in grapes, berries of the mountain ash, potatoes, cucumbers, 
etc., etc. 
It can be made by the following methods : — 

(1) By oxidizing sugar of milk with nitric acid ; 

(2) By oxidizing cane sugar, starch, glucose, and other 
similar substances. 

Tartaric acid is prepared from "tartar," which is impure 
acid potassium tartrate. When grape juice ferments this 
salt is deposited. It is purified by crystallizatioo, converted 
into the calcium salt by treating it with chalk and calcium 
chloride, and the salt then decomposed by means of sulphuric 
acid. 

The acid crystallizes in large monoelinic prisms, which are 
easily soluble in water and in alcohol. It melts at 170°. Its 
solution turns the plane of polar/nation to the right. 

Treated with hydriodic acid, tartaric acid yields, first, malic 
acid, and then ordinary succinic acid ; — 

(1) C,H,(OH),<™;2 + 2HI 

= C,H,(OH)< ^°|{J + H,0 + I, i 
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(2) 0^^0H)<™'J[ + 2HI 

BuMlDtOBOld 

While malic acid is mono-hydroxy-succinic acid, ordinary 
tartaric acid appears to be di-hydioxy -succinic acid. But, just 
as the malic acid prepared from mono-brom-succinic acid is 
optically inactive, and therefore different from natural, active 
malic acid, so, too, the tartaric acid prepared from di-brom-suo- 
cinic acid is optically inactive, and therefore different from 
ordinary tartaric acid. The relations between the natural and 
the artificial acids will be more fully dealt with below. 

Tartrates. Among the salts the following may be mentioned : 

Mona-potasaium tartrate, KH . C4H,0«. This is the chief con- 
stituent of tartar. In pure form, as used in medicine, it is 
known as cream of tartar. 

Sodium-potassium tartrate, KSa, . C^H,©, + 4 HjO. This salt 
crystallizes beautifully. It ia known as Moclielle salt or 
Seignette salt. Seidlitz powders consist of (1) a mixture of 
Kochelle salt and sodium bicarbonate, and (2) tartaric acid. 
These are dissolved separately and then brought together, when 
a rapid evolution of carbon dioxide takes place. 

Caloiiim tartrate, Ca . CiHiO, + 4 HjO. This salt occurs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons insoluble in water. 

Potassium-antimmyl tartrate, K(SbO) . C^H^O, + i HjO. This 
is known as tartar emetic It ia prepared by digesting anti- 
monic oxide with mono-potassium tartrate. It crystallizes in 
rhombic octahedrons. It loses its water of crystallization at 
100°, and at 200 to 220° is converted into an antimony potas- 
sium salt of the formula KSb . C.HjOa- 

2. Bacemic acid, (C,H«Os)t . 2 H^O. — Bacemic acid occurs, 
together with tartaric acid, in many kinds of grapes, and, on 
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recry stall izing the crude taitar, acid potassium racemate, being 
more soluble than the tartrate, remains ia the mother liquors. 
Eacemic acid is formed by boiliog ordinary tartaric acid with 
water, or with hydrochloric acid. If tartaric acid is heated 
with water in sealed tubes at 175°, it is almost completely 
tranaformedintoracemic acid. It is formed further by oxida- 
tiop of dulcite, mannite, cane sugar, gum, etc., with nitric acid. 
It is fanned, together with a third variety of taiiaric acid known 
as Inactive tartaric acid, when di-brom-sutxiiiic acid is treated 
with silver oxide and water. 

Eacemic acid differs from tartaric acid in many ways. It 
crystallizes differently, and contains water of crystallization. 
It is less soluble than tartaric acid. It produces precipitates in 
solutions of lime salts, while tartaric acid does not Racemic 
acid is optically inactive, while tartaric acid is dextro-rotatory. 
On the other hand, racemic and tartaric acida conduct them- 
selves towards most reagents exactly alike. 

The relations between racemic and tartaric acid are the same 
as those which have already been referred to as existing between 
inactive malic acid and destro-malic acid, and between inactive 
lactic and dextro-lactic acid. This case is, however, of special 
Interest, as it was the first one of the kind studied. The relations 
were discovered by means of the experiment described below. 

When a solution of the ammonium-sodium salt of racemic 
acid, (NHj)!^* . CiH^Oa is allowed to evaporate spontaneously, 
beautiful large crystals are deposited. On examining these 
carefully, they ai-e found to be of two kinds. On the crystals 
of one kind certain hemihedral faces are developed, while oa 
the crystals of the other kind the complementary hemihedral 
faces are developed; so that if a crystal of one kind is placed 
in front of a mirror, its reflection will represent the arrange- 
ment of the hemihedral faces occurring on a crystal of the 
other kind. The crystals can be separated into right-handed, or 
those which have the right-handed hemihedral faces, and left- 
handed, or those which have the left-handed hemihedral faces. 

D,a,l,zc.bvG00gIe 



180 DERIVATIVES OP THE PARAFFINS 

On separating the acid from the right-handed crystals it is 
found to be ordinajy dextro-rotatory tartaric acid; ■while the acid 
from the left-handed crystals is an isomeric substance called 
levo-rotatory tartaric acid. When these two varieties of tartaric 
acidarebrought together in solution, they unite, the action bein^ 
attended by an elevation of temperature, and (Ae result is ra- 
cemic acid. These phenomena were first observed by Pasteur. 

By crystallizing cinchonine racemate from alcohol it can be 
resolved into the dextro and levo varieties, from which the 
corresponding active acids can be obtained. 

It will thus be seen that racemic acid consists of two opti- 
cally active substances in combination, one of which, ordinary 
tartaric acid, is dextro-rotatory, and the other levo-rotatory. 

As has already been stated, both inactive malic acid and in- 
active lactic acid have been resolved int« two active varieties, 
one of which is dextro-rotatory, and the other levo-rotatory. 

3. Inactive tartaric acid, meaotartaric acid, anti- 
tartaric acid, C,HBO(-^ H^O, is similar to racemic acid. It 
is formed together with racemic acid by treating di-brom- 
Buccinic acid with silver oxide and water. It is. optically in- 
active. Unlike racemic acid it cannot be resolved into the 
optically active forms, and it is believed that the inactivity is 
due to " internal compensation." 

The following explanation will serve to make the relations 

between the four tartaric acids clear: Tartaric acid contains 

two asymmetrical carbon atoms (see p. 166), each one of which 

is in combination with (1) a hydrogen atom, (2) a hydroxyl, 

(3) acarboxyl, and (4) the group, CH(OH).CO,H: — 

H 

I 

HO-C-CO,H 

I 
HO-C-CO,H 
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There are two ways in which these four gioups can be arranged 
around each asymmetrical carbon according to the hypothesis 
already explained under the lactic acids (which see). One 
arrangement makes the substance dextro-iotatory, the other 
makes it levo-rotatory. Now, if the arrangement around both of 
the carbon atoms is the same, the substance will he optically 
active. Thus the existence of the dextro-acid and of the levo- 
acid can be explained. The raeemic modification, in this case 
racemic acid, being formed by combination of the dextro-acid 
with the levo-acid is inactive. But, further, if in one half of 
the molecule there is the right-handed aiTangement, and in the 
other half the left-handed arrangement, the substance will be 
inactive by " internal compensation," and will not be capable 
of resolution into two optically active products. This is be- 
lieved to be the condition in mesotartaric acid. These rela- 
tions cannot be made entirely clear by words and formulas. 
Models, which can be easily constructed of stiff wire and 
wooden balls, are necessary to make them clear. Formulas 
may, however, be used to recall the arrangements in space that 
are represented in the models. The following formulas are 
used to show the difference between the two active acids and 
mesotartaric acid : — 

H H H 

I I I 

HO-C-CO,H HO,C-C-OH HO-C-CO^ 

I I I 

HO,C-C-OH HO-C-CO,H HO-C-COiH 

I I I 

H. H. H. 

AotlTe TiriMj- OUier acUva variety InMtlie mesoIsrUrlc Kid 

Htdkoxy-Acidb, C„Hi„_jOr 

These are mono-hydroxy-lribaaic acids. Citric acid is the 
only one known. 
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/ rCOsH\ 

Citric aoid, CiHeOi + HjO[C3Hi(OH)-^ COjH). — Citric 

acid, like malic and tartaric acids, is widely distributed in 
sature ia many varieties of fruit, especially in lemons, in 
which it occurs ia the free condition. It is found in cuirants, 
whortleberries, raspberries, gooseberries, etc., etc. 

It is prepared from lemon juice, and also by the fermenta- 
tion of glucose by citromycea pfefferianus and a few other fer- 
ments. After the fermentation the mass is treated with lime. 
The calcium salt thus obtained in the form of a precipitate, is 
collected, and decomposed with sulphuric acid. One hundred 
parts of lemons yield 5^ parts of the aoid. 

Citric acid crystallizes in rhombic prisms which are very 
easily soluble in water. The crystallized acid melts at 100°, 
the anhydrous at ld3° to 154°. Heated to 175° it loses water 
and yields aconitic acid (which see) : — 



Aconitic acid takes up hydrogen, and is transformed into 
tricarballylic acid (which see). Thus a clear connection be- 
tween tricai'ballylic acid and citric acid is traced; the latter 
is hydroxy-tricarballylic acid. Citric acid can be made from 
dichloracetone by firet converting this into acetone-dicarbonio 
acid; — 

CO < ^^»*^^-».C0 < CH/JN ^Q CH,COsH 
CHjCl CHjCN . CHjCOjH 

The acetone-dicarbonie a«id is then treated with hydrocyanic 
acid and the nitril thus formed hydrolyzed as shown below: — 

CHj.COjH - CH,.CO,H 



CHj.OO^ 
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CH, 


CO,H 




CH, 


,.CO,H 


1 

0< 
1 


OH 

CN 


+ 2H,0. 


1 
= C< 


OH 

copi 


CH, 


,.CO,H 




CH, 


.CO,H 



Thia synthesis shows that the hydroxyl in citric acid is in 
combination with the central carbon atom. 

"When rapidly heated to a temperature above 175°, citric acid 
first gives aconitic acid, then loses water and carbon dioxide 
and gives itaconic anhydride (see itaconic acid). This 
anhydride is then partly converted into citraconic anhydride 
(see citraconic acid) by the action of heat. 

Citrates. A few of the salts of citric acid are : — 

Mono-potassium citrate, KH^ . CgHjO, + 2 H^O ; 

Dt-polassium citrate, KjH . CgHjO? ; 

Tri-potassiiim citrate, Kj . CgHjO, + HjO. All these potas- 
sium salts are easily soluble in wat«r. 

Calcium citrate, Ca3(CaH,*0;)s + 4 H,0. This salt is formed 
by mixin){ a citrate of an alkali with calcium chloride. It is 
more easily soluble in cold than in hot water; hence boiling 
causes a precipitate in dilute solutions. 

JUagnesium citrate, Mgs{C,HjO,)j + 14 HjO. This is made by 
dissolving magnesia in citric acid. It is used in medicine. 

Hydroxy-acidb, C„Hft,_sOa 

It has been pointed out that the hex-acid alcohols are 
converted by oxidation into pentahydroxy-monobasie acids. 
By further oxidation these pentahydroxy-monobasie acids 
are converted into tetrahydroxy -dibasic acids. Thus sorbite, 
CH,OH(CHOH)jCH^H, when oxidized, yields, first, glu- 
conic acid, CHjOH(CHOH)4C02H, and then saccharic acid, 
CO,H(CH0H),G0,H, a tetrahydroxy-dibasic acid. Corre- 
sponding to each gluconic acid there is a saccharic acid. So 
also the mannonic acids yield mannosaccharic acids, which ai'e 
dibasic and isometio with the saccharic acids ; and galactonio 
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acid yields mucic add. The best-known members of this 
group are saccharic and mucic acids. 



Saccharic acid, C(HioOs 04H4(OH), < pr'S)- — The 



dextro variety is formed by the oxidation of cane sugar, 
d-glncose, sugar of milk, or starch with nitric acid. 

It is an amorphous mass that becomes solid only with difB- 
culty. When treated with hydriodic acid it is reduced to 
adipie acid, a member of the oxalic acid series (see table, page 
143): — 



" CO,H ^ 



, COi^i 



Mucio acid, CeHiiO-^^C.H.COH)* < ^q'^J. — This is 

formed by the oxidation of sugar of milk, the gums, dulcite, 
or galactose with nitric acid. It iif best prepared from sugar 
of mUk. 

It is a crystalline powder that is very difficultly soluble 
in cold water. Hydriodic acid reduces it to adipie acid (see 
above, under Saccharic acid). 

When heated with pyridine to 140°, mucic acid is changed 
to the isomeric form, aHomucic acid. 
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CHAPTER XI 
CARBOHYDRATES 

Among the mixed compounds are the important substances 
commonly known as carbohydrates. This name was originally 
given to them because they consist of carbon in combination 
with hydrogen and oxygen, which two elements are generally 
contained in them in the proportion to form water, as shown 
in the formulas, for glucose, CoH^iOa, starch, CallmOj, etc. 
The name is, however, inaccurate, as some substances belong- 
ing to this group are now known that do not contain hydrogen 
and oxygen in the proportion to form water. Such a sub- 
stance, for example, is rhamnose, C^HiaOj. Further, there are 
some carbon compounds, as, for example, formic aldehyde, 
0H,0, acetic acid, CaH^Oj, and lactic acid, CaHsOj, that con- 
tain hydrogen and oxygen in the proportion characteristic ot 
most of the carbohydrates but do not belong to this group. 
The name carlrahydrate has, however, been used so long that 
it would be difBcult to supplant it. 

The carbohydrates may be conveniently classified under 
three heads. These are ; — 

1. Monosaccharides or simple sugars. — Examples of these 
are glucose, fructose, arabiuoae, and mannose. 

2. Polysaccharides or complex sugars. — Examples are cane 
sugar, sugar of milk, maltose, and iaomaltose. 

3. Polysaccharides, that are 7iot sugars, — Examples are cel- 
lulose, starch, and gums. 

The monosaccharides are the simplest carbohydrates. Those 
which are best known have the compoaition CgHjiOg, and are 
related to the hex-acid alcohols, sorbite and maunite, C,Hs(OH),. 
There are, however, simpler ones, such as arabinose, GgHK,Ot> 



D,a,l,zc.bvG00gIe 



186 CABB0HTDBATB8 

erythroae, C4HgO„ and glyceroae, C^H^O,; and some that are 
more complex, as heptose, CtH„0„ octose, CsH,aOg, and nonoae, 
GtHuOf The monosaccharides, therefore, fall into classes 
which are called triosea, tetrosea, pentoses, hexoaea, etc., accord- 
ing to the numher of oxygen atoms contained in them. 

By methods that will be explained below, it has been shown 
that the in ODOsaccha rides or simple sugars are aldekyde^cohols 
(cddosea) or ketone-alcokola Qcetoses), 

1. MoXOSACCHARtDES 

A. Trioses and Tetroses 

Glycerose, C^HgOj. — This sugar deserves special mention 
because it la the simplest member of the group of monosacchar- 
ides, and because it has been obtained artificially. It is formed 
by treating glycerol with mild oxidizing agents, as, for example, 
bromine and sodium hydroxide. It is a mixture of glyceric 
aldehyde and dioxyacetoue, the relations of which to glycerol 
are shown by the following formulas : — 

Qljeerol Olyeetli: Bldahyde Dlorrs«u>D« 

Glycerose ia a syrup that undergoes fermentation and reduces 
alkaline solutions of copper salts, acting thus like many of the 
sugars. Glyceric aldehyde is a simple example of an aldose 
or aldehyde-alcohol, and dioxyacetone is the simplest example 
of a ketose or ketone-alcohol. 

When the mixture of these two substances is treated with 
caustic soda it is converted into i-acrose, a sugar of special 
importance, as it forms the starting point in the synthetical 
operations that lead to the formation of all the members of 
the glucose group. 

Erythoee, CtHaO,, has been obtained from erythrite in the 
same way that glycerose is obtained from glyceroL 
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B. Penioaea 

ArabinoBes, CiHigOs — Otdinary arabinose is obtained from 
gum arabic and cherry gum by boiling with dilute sulphuric 
acid. This variety is called Uvoumbinose on account o£ its re- 
lation to levo-glucose and levo-mannose, although it turns the 
piano of polarization to the right. Dextro-arabinoae and in- 
active arabinose have also been obtained, the latter by com- 
bination of the levo and dextro varieties. 

Xyloee, C^HmOu is obtained from wood gum by boiling 
with dilute acids. 

Bdboee, OjHioOj, is formed by reduction of adonite (which 
see). It is stereoisomeric with arabinose. 

Bhamnose, ObHuOj, has been obtained by the breaking 
down of a number of natural substances, such as quercitrin. 
It has been shown to be a methyl derivative of a pentose, and 
is therefore to be represented by the formula CHj.CjHjOj. 

C. Hexosea 

QlucoBe, srape suffar (dextrose), O^uOe. — Glucose 
occurs very widely distributed in the vegetable kingdom, 
especially in sweet fruits, in which it is found together with 
an equivalent quantity of fructose or fruit sugar. It is also 
found in honey, together with fructose; and, further, in the 
blood, in the liver, and in the urine. In the disease Diabetes 
■mellihia the quantity contained in the urine is largely in- 
creased, reaching as high as 8 to 10 per cent. 

Olucose is formed from several of the carbohydrates of the 
formulas CuHaO„ and C,II,oOj, by boiling them with dilute 
mineral acids, or by the action of enzymes. The formation 
from cane sugar takes place according to this equation, equiva- 
lent quantities of glucose and fructose being formed ; — 

C«HaO„ -I- H,0 = C,HuO, -|- C.HuO^ 

Cue sugv OlucD>« Fiu«tos9 
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Starch, cellulose, and dextrin yield glucose according to 
this equation: — 

Finally, glucose occurs in nature, in combination with a 
number of carbon compounds, in the so-called glucosides. 
These break up easily when treated with dilute mineral acids 
or ferments, and yield glucose as one of the products (see 
Glucosides). Eicamples of the glucosides are amygdalin, 
%sculin, salicin, etc. 

Glucose is prepared on the large scale from com starch in 
the United States, and from potato starch in Germany. The 
-transformation is usually effected by boiling with dilute sul- 
phuric acid. The excess of acid is removed by treating the 
solutions with chalk, and filtering. The filtered solutions are 
evaporated down either to a syrupy consistency, and sent into 
the market under the names " glucose," " mixing syrup," etc., 
or to dryness, the solid product being known in commerce as 
"grape sugar." 'By evaporating the solutions down to such 
a coueentration that they contain from 12 to 15 per cent of 
glucose, crystals are formed that closely resemble those of 
cane sugar. They consist of anhydrous grape sugar. Their 
formation is facilitated by adding a little of the crystallized 
substance to the concentrated solutions. Glucose crystallizes 
from concentrated solutions, usually in crystalline masses con- 
sisting of minute six-sided plates which contain one molecule 
of water. The mass, as seen in commercial " granulated grape 
sugar," looks like granulated sugar. It ciystallizes from 
alcohol in monoclinic crystals. The sweetness of glucose is 
to that of cane sugar as S to 5. Its solutions turn the plane of 
polarization to the right. 

If in the treatment of starch with sulphuric acid the trans- 
formation is not complete, and this is usually the case, the prod- 
uct is a mixture of glucose, maltose, and dextrin. The longer 
the action continues, the larger the percentage of glucose. 

D,a,l,zc.bvG00gIe 



GLUCOSE 189 

Glucose is easily oxidized, reducing the salts of silver and 
copper. When treated with nascent hydrogen, it yields sorbite 
(which see). Under the influence of yeast it ferments, yielding 
mainly alcohol and carbon dioxide. Futiid cheese transforms 
it first into lactic acid and then into butyric acid by the so- 
called lactic acid fermentatioa. 

Glucose forms compounds with metals and salts. Among 
the better known compounds of this kind are those mentioned 
below : — 

Sodium glucose CbHhO, . Na ; 

Sodium chloride glucose . . 2 CflH^Oj . NaCl + HjO ; 
also CjHitO, . NaCl + JH, 0, and CaH^O, . 2 NaCl. 

These compounds, with sodium chloride, crystallize well, and 
can be easily obtained in pure condition. 

Cupric oxide glucose .... CgHuO, . 5 CuO. 

By treatment with acetic anhydride, glucose yields a product 
containing five acetyl groups, pent^cetyl-glucose, 
C«H,(CsH30),0^ 

Note for Student. — What does the fonnation of this compound 
Indicate? 

It is often important to know the quantity of glucose con- 
tained in a given liquid ; as, for example, in the urine in a case 
of suspected diabetes. For the purpose of making the estima- 
tion, advantage is taken of the action of glucose towards an 
alkaline solution of copper sulphate. The solution commonly 
used is that known as Fehling'a solution. It is prepared by 
dissolving 34.64J' crystallized pure copper sulphate in 200" 
water, adding a solution of ISC potassium tartrate, and 90^ 
sodium hydroxide, and diluting so that the whole makes one 
litre. 

Experiment 38. Make half the quantity of Fehling's Bolutlon above 
mentioned, and put in a bottle with a glass stopper. In a. test-tube boil 
about 10*° of this solution, and then add a few drops of a dilute sotution 
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of glaoose. Continue to boil, and add a little more of the glucose Bolution; 
and so on, until, on removing Ihe tube from the lamp, a dark-red unifonn- 
looking precipitate settles, leaving the liqaid above it perfectly clear and 
colorless. This precipitate is cuprous oxide. By talcing proper precau- 
tions, the esact amount of glucose present in a solution can be estimated 
la this way. 

Oi-dinary glucose is known as d-glucose on account of its 
dextro-rotatory power. Both tglucose and j-glucose have been 
made. 

Fructoee, ftuit sugar (levulose), CsH^Ob. — This sugar 
occurs together with glucose, and in equivalent quantities, in 
fruits; and is formed by the action of dilute mineral acids, or 
invertase, on cane sugar. Pure fructose is obtained by heating 
inulin, a carbohydrate of the formula CijHajOio, with very dilute 
acids. It is also formed with mannose by careful oxidation of 
d-mannite. 

Ordinary fructose is called d-fructose, although it turns the 
plane of polarization to the left. The reason for this IS that it 
is related to other substances that are dextro-rotatory. 

Fructose can be obtained in the form of crystals. It is about 
as sweet as cane sugar, and has been proposed as a substitute 
for this iu diabetes. 

i-Fruotose has been made artificially in three ways: — ■ 

1. By polymerization of formic aldehyde, CHjO, by means 
of bases; 

2. By successive treatment of acrolein with bromine and 
baryta water ; 

3. By the action of dilute alkali on glycerose, which is 
formed by oxidation of glycerol. 

It will be observed that formic aldehyde has the same per- 
centage composition as fructose. 

When acroleTn is treated with bromine, two atoms of the 
latter are added directly to the former : — 

CH,: CH . COH -»- 2 Br = CHjEr . CHBr . CO,H. 
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When this dibromide is treated with baryta water, hydroxyl 
is first substituted for bromine, and glyceric aldehyde and 
dihydroxy acetone are the first products. These are then con- 
densed and form t-f nictose : — 
CHjBr . CHBr . COH + Ba(OH)a 

= CHjOH . CHOH . COH + BaBr,. 

Glyceric aldehyde is, however, not the only product of this 
reaction. Dihydroxyacetone, CHjOH — CO — CH2OH, is also 
formed, as is shown by the reactions of the product. The 
formation of i-fnictose from glycerose takes place as repre- 
sented in the following equation: — 
CHiOH - CHOH - CHO + CH,OH - CO - CH,OH 

= CHjOH - CHOH - CHOH - CHOH - CO ^ CHsOH. 

The oxygen atom of the aldehyde group, CHO, unites with a 
hydrogen atom of one of the CHj groupa of the dihydroxy- 
acetone, forming hydroxy], and this makes possible the union 
of the residue of the glyceric aldehyde with that of the 
dihydroxyacetone. 

This reaction is known as the aldol condensation, because the 
product first obtiiined in this way was called atdoi. This is 
formed by condensation of ordinary aldehyde thus : — 
CH, . CHO -I- CHj . CHO = CH, . CHOH . CH, . CHO. 

Aldol 

Aldol is really jS-hydvoxbutyric aldehyde. 

On account of the formation of i-fructose from acroletn, it 
was called acivse. It was later shown to be the inactive 
variety of fructose, and the name acrose became unnecessary, 
though it is still used. 

When i-fruetose is treated with yeast, it is partly trans- 
formed ty the ferment into alcohol and carbon dioxide. It is 
the d-fructose contained in it that undergoes the change, while 
the {-fructose remains unchanged, and can be obtained free 
from the other two varieties. 
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Con^ittUion of glticose and fnutose. — Two reactions have 
been of special value in the determination of th^ coQBtitution 
of the members of the group of monosaccharides. 

a. When either an aldehyde or as acetone is treated with 
hydrocyanic acid an addition-product is formed thus: — 
H H 

I I OH 

CH,.C=0 + HCM' = CHj.C<^J; 

The products can be converted into corresponding acids by 
the change of the cyanogen group into earboxyl. Thus the 
nitril from aldehyde yields a-hydroxypropionic (or lactic) 
acid: — 

H H 

CH,.C <^J+2H^ = CH..C <^J^jj + NH.; 
while the nitril from acetone yields o-hydroxyisobutyrie acid: — 

■ch:>''<?k+^«-°-o|>'^<c?oh+™- 

By the aid of these reactions it has been shown that glucose 
is an aldose, and fructose a ketose, of these formulas : — 

(1) CHO - CHOH -. CHOH - CHOH - CHOH - CH,OH. 

GlncoH 



By adding hydrocyanic acid to a compound of formula (1) a 
nitril of the following formula would be formed : — 
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This would yield an acid of the formula 

^^HO >^^- CHOH - CHOH - CHOH -CHOH - CH,OH. 

By tieating this with bydriodic acid it ehould be reduced to 
thesfiid 

HOiC.CH,.CHj.CH,.CH,.CHj.CH,. 

The acid obtained from glncoae by means of the above re- 
actions has the structure represented by this formula, and it 
hence follows that glucose itself must have the stiucture 
represented by formula (1) above, or it must be an aldose. 

Ky subjecting fructose to the same processes, the product 
obtained has the structure 
COaH 
I 
CH,. CH . CH,. CH, . CH,. CH,; 

and it follows from this that fructose must have the structure 
represented by formula (2) above, or it must be a ketose. 

b. When an aldehyde or a ketone is treated with phenyl- 
hydrazine, CjHj.NH.NHj, a reaction takes place, as repre- 
sented in this equation: — 

H H 

i I 

RCO + HiN . NHC^. = R . CN . NHC,Hj + H,0. 

The products thus formed are called pkenylhydrazones. 
The sugars form bydrazones when treated with phenyl- 
hydrazine. Thus glucose and fructose give the products 

(1) CHjOH. CHOH. CHOH. CHOH. CHOH. CH 

N.NHCaH„ 

PhcDjItaydruaDe of Olueoae 

(2) OHjOH.CHOH.CHGH.CHOH.C.CHsOH 
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If the sugars are boiled with an excess of phenylhydrazine a 
second reaction takes placa In the case of glucose, the.CHOH 
group adjoining the carbon atom with which the residue of 
phenylhydrazine ia combined, loses two hydrogen atoms and Is 
converted into the ketone group CO. Then phenylhydrazine 
reacts with this, and forms a product of the formula 
CHjOH ■ CHOH ■ CHOH . CHOH ■ C ■ CH 

CeHjHN.N N-NHCgHj. 
This is called phenylglucosazone. 

In the case of fructose, the primary alcohol group, CHjOH, 
adjoining the carbon atom with which the residue of phenyl- 
hydrazine is combined is changed to the aldehyde group, CHO, 
and then phenylhydrazine reacts with this in the usual way, 
giving a product of the formula 

CH5OH. CHOH. CHOH. CHOH. C.CH 
II II 
CaH.HN.NN.NHCaHj. 

This is the phenylft-uctosftzone. Phenylglucosazone and 
phenylfructosazone are identical. 

The osazones are in general difficultly soluble in water and 
have characteristic properties whereby they can be recognized. 
The sugars themselves are easily soluble and it is hard to 
separate them, and until the discoveiy of the phenylhydrazine 
reaction the investigation of the sugars advanced very slowly. 
This reaction in the hands of one of the most skilful experi- 
menters, Emil Fischer, has greatly advanced our knowledge of 
the sugar group within a few years past. 

The formation of the osazones makes it possible to recognize 
the different sugars, but it does not give the sugars themselves. 
llie regeneration of the sugars -from the osazones is of great 
importance. The principal reactions available for the purpose 
are the following : — 

1. The osazone is heated for a short time with fuming 
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hydrochloric acid, when it yields phenyl hydrazine hydrochlo- 
ride and an osone, thua ; — 

CH,OH . (CH0H)3 . C . CH + 2 H,0 + 2 HCl 

II II 

CsHjHN.N N.NHCoH. 

= CHi,0H(CH0H)3C0 . CHO + 2 CsH, . NH . NH, . HCl. 

Osons 

2. The osone can be isolated and reduced by means of acetic 
acid and zinc dust, when it is converted into the corresponding 
ketose : — 

CHjOH(CHOH)3CO . CHO + 2 H 

= CHjOH(CHOH)3. CO . CH.OH. 

"Whether the original sugar was an aldose or a ketose, the 
final product of the above series of reactions is a ketose. The 
aldoses cannot, therefore, be regenerated in this way. On 
the other hand, any aldose can be converted into a ketose by 
this meaua. 

Mannose, CsHnOa- — d-Mannose is one of the products of 
oxidation of d-mannite, and is obtained by the action of dilute 
acida on some kinds of cellulose. The shavings formed in the 
manufacture of buttons from vegetable ivory are rich in the 
cellulose which yields d-mannose. 

{-Mannose and i-mannoae have also been prepared. 

The mannoses are aldehydes, and are stereoisomeric with 



Qaloctose, OgHiiOs. — d-Galactose is formed by treatment 
of sugar of milk with dilute acids, d-glucose being formed at 
the same time. Other carbohydrates also yield it, i- and 
^Galactoses are known. By reduction d- and Z-galactoses are 
transformed into dulcite. By oxidation all three galactoses 
yield mucio acid. 
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GuIoBe, CsHijOb- — The three guloaes have been made arti- 
ficiaJly. They are aldoses corresponding to the three Borbites, 
and ^.re stereoisomeric with the glucoses. 

The method by which J-guloae was made is of special inter- 
est, as it is based upon reactions that may be used for passing 
from an aldose of a certain composition to one containing one 
carbon atom more. This method, as will be seen, makes it pos- 
sible to pass from a pentose to a hezose, from a hexose to a 
heptose, etc. It consists in adding hydrocyanic acid to the 
aldose, converting the nitril thus obtained into the correspond- 
ing acid, and then reducing the acid. Thus in the case of 
tgulose the starting-point is xylose, and the steps may be 
briefly represented thus : — 

Xylose -*(addition of hydrocyanic acid)->-tgulonic acid— »■ 
reduction -> t-gulose. 

2. Polysaccharides or Complex Suqabs 

The polysaccharides, or complex sugars, are found in nature, 
as, for example, cane sugar and sugar of milk, or are formed 
from more complex carbohydrates, as, for example, maltose 
■ from starch. Their most characteristic property is their power 
to break down into monosacchai'ides under the influence of 
dilute acids or enzymes. The reaction involves the addition 
of the elements of water, and is called hydrolysis. A simple 
example of this kind of action is the conversion of maltose 
into d^lucose; — 

CijHasOu -t- H,0 = 2 CeH,jOfr 

Ualtoss d-Q\at0B« 

In most cases the hydrolysis of a polysaccharide gives more 
than one monosaccharide. Cane sugar, for example, gives 
d-glucose and d-fructose : — 

C„HjjO„ -I- HsO = C,H,;0, -1- C(Hi A ; 

Cbdb augir if -GlucoH if -FructoH 
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sugar of milk gives d-galactose and d-glucose : — 



Polysaccharides that give two monosaccharides when hydro- 
lyzed are known as saccharobioses; those that give three, as 
aaccharotrioses. 

Gane susar, saccharose, GuHsOu- — This well-known 
variety of sugar occurs very widely distributed in nature, in 
Bugar cane, sorghum, the Java palm, the sugar maple, beets, 
madder root, coffee, walnuts, haze] nuts, sweet and bitter 
almonds; in the blossoms of many plants; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
In either case the processes of extraction and refining are 
largely mechanical. When sugar cane Is used, this is inaxier- 
ated with water to dissolve the sugar. Thus a dark-colored 
solution is obtained. This is evaporated, and then passed 
through filters of bone-black which remove the coloring mat- 
ter. The solution is evaporated in the air to some extent, and 
then in large vessels called vacuum pans, from which the air 
is partly exhausted, so that the boiling takes place at a lower 
temperature than would be required under the ordinary 
pressure of the atmosphere. The mizture of crystals and 
mother liquors obtained from the vacuum pans is freed from 
the liquid by being brought into the centrifugals. These 
are funnel-shaped sieves which are revolved very rapidly 
the liquid being thus thrown by centrifugal force through the 
openings of the sieve, while the crystals remain behind and 
are nearly dried. The final drying is effected by placing the 
crystals in a warm room. 

When beets are used, the process is essentially the same, 
though there are some differences in the details. 

The mother liquors which are obtained from the centrifu- 
gals are further evaporated, and yield lower grades of sugar; 
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and, finally, a sytup is obtained which does not crystallize, 
This is molasses. Molasses is sometimes brought into the 
market as such ; sometimes, particularly when obtained from 
beet sugar, it is allowed to ferment for the purpose of making 
alcohol. The spent wash, or waste liquor, " vinasse," is now 
evaporated to dryness and calcined for the purpose of getting 
the alkaline salts contained in the residues. The products of 
distillation are collected, and from them tvi-methyl-amiue is 
separated (see p. 98), 

Sugar crystallizes from water in well-formed, large mono- 
clinic priams. It is dcKtro-i-otatory. When heated to 210° to 
220°, cane sugar loses water, and is converted into tbe sub- 
stance called caramel, which is more or less brown in color, 
according to the duration of the heating and the temperature 
reached. Boiled with dilute mineral acids, cane sugar is split 
into equal parts of glucose and fructose, as has been stated. 
The mixture of the two is called invert-sugar. The process is 
called inversion. It takes place, to some extent, when impure 
sugar is allowed to stand. Hence invert-sugar is contained in 
the brown sugars found in the market. The enzyme, iuvertin 
(see p. 185), formed by yeast, gradually transforms cane sugar 
into glucose and fructose, and these then undergo fermentation. 
Cane sugar itself does not ferment. 

Cane sugar does not reduce an alkaline solution of copper 
sulphate. If the two are boiled together for some time, the 
sugar ia to some extent inverted, and to this extent reduction 
of the copper salt takes place. 

Experiment 39. Prepare a dilute solution of cane sugar by disaolv- 
ing 1" to 2« in 2W water. Test this wilt Febling's solution, as in Exp. 
89. Now add to the sugar solution 10 drops concentrated hydrochloric 
acid, and heat for half an hour on the water-bath at 100' ; exactly neu- 
tralize the acid with a, dilute solution of sodium carbonate, and test with 
Fehling's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and saccharic acid. 
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Like glucose, cane sugar forms compomids with metals, 
metallic oxides, and salts. Among these the following may 
be mentioned: — 

Sodium sucrate CisHmOii . Ka, 

Sodium-chloride aucrate . , CijHjjOn . NaCI, 

Caicium sucrate CijHaiOn.Ca, 

and Lime aucrate CjaHjuOu - 2 CaOi 

These derivatives are not sweet. 

An oct-acetate of the formula CijH„{C)H30)80ii has been made 
by treating sugar with sodium acetate and acetic anhydride. 

Cane sugar is iu some way made up by a combination of a 
rooleeule of d-glucose and a molecule of d-fructose, with elimi- 
nation of a molecule of water. The resulting compound does 
not react with phenyl hydrazine nor with Fehling's solution, 
ami, therefore, it probably does not contain a carbonyl group 
CO. The artificial preparation of caue sugar from d-glucose 
and d-fructose has not been effected. 

Sugar of milk, lactose, dzHaOn + HjO- — This sugar oc- 
curs in the milk of all mammals, and is obtained in the manu- 
facture of cheese. The casein is separated from the milk by 
means ot rennet; the sugar of milk remains in solution, is 
separated by evaporation, and purified by recry stall ization. It 
crystallizes in rhombic crystals. That which comes into the 
market has been crystallized on strings or wood splinters. It has 
a slightly sweet taste ; is much less soluble in water than cane 
sugar, and is dextro-rotatory. It reduces Fehling's solution. 
Oxidized with nitric acid, it yields mucic and saccharic acids. 
Nascent hydrogen converts sugar of milk into mannite, dulcite, 
and other substances. Like glucose and cane sugar, it forms 
compounds with bases, dissolving lime, baryta, lead oxide, etc. 

Sugar of milk ferments under certain ciroumstaneea, and is 
thus converted into lactic acid. The souring of milk is a result 
of this fermentation. The lactic acid formed coagulates the 
casein ; hence the thickening. 
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Maltose, CuHaOn . H]0. — This carbohydrate is formed bj 
the action of malt on starch. Malt, which is made by steeping 
barley in water until it germinates, and then drying it, con- 
tains a substance called diabase, which has the power of effect- 
ing changes similar to some of those effected by the ferments. 
Thus, it acts upon starch, and converts it into dextrin and 
maltose : — 

3 CjH„0, -I- H,0 = CuHaOu + G^uPs- 

Sluch H&ltose Dutrln 

Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained in commercial glucoses. 
By further treatment with sulphuric acid it is converted into 
glucose. Maltose crystallizes in fine needles; is dextro-rota- 
tory; reduces Fehling's solution; and ferments with yeast, 
being first converted into monosaccharides by maitaae, which 
is an enzyme contained in, or formed by, yeast. 

3. FOLTSACCH ABIDES THAT ARE NOT SuOABS 

Cellulose, (CsHwOs)^ — Cellulose is the chief constituent of 
the cell membranes of all vegetable tissues. It presents dif- 
ferent appearances and different properties, according to the 
source from which it is obtained; but these differences are 
due to substances with which the cellulose is mixed ; and 
when they are removed, the cellulose left behind is the same 
thing, no matter what its source may have been. The coarse 
wood of trees, as well as the tender shoots of the most delicate 
plants, all contain cellulose as an essential constituent. Cot- 
ton-wool, hemp, and flax consist ahoost wholly of cellulose. 
It also occurs in the mineral kingdom. Thus the tunica of 
the Ascidia is chiefly composed of cellulose. 

For the preparation of cellulose, either Swedish filter-paper 
or cotton-wool may be taken. 

Experiment 40. Treat Bome cotton-wool Buccefiaivel; with ether, 
alcohol, wat«r, a caustic alkali, and, finally, a dilute acid. Then wash 
with water. 
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Gelliiloae is amorphous; insoluble in all ordinary solvents; 
soluble ill an ammoniacal solution of cnpric oxide. It dis- 
solves in concentrated sulphuric aeid. If the solution ia 
diluted and boiled, tbe cellulose is converted into dextrin and 
glucose. It -will thus be seen that rags, paper, and wood, 
which consist largely of cellulose, might be naed for the 
preparation of glucose, and consequently of alcohol. 

Experiment 41. Dissolve s, sheet or two of tillfr-paper in as small a 
qaantky of concentrated sulphuric !ici<i as will siiEGce ; dilute with water 
to about half to three-quarters ol a litre, and boil for an hour. Remove 
the sulphuric acid by means of chalk ; fitter ; evaporate ; and test for 
glucose by means of Fehllng's solution. 

Gun cotton, pyroxylin, nitro-cellulose. — Cellulose has 
some of the properties of alcohols ; among them the power to 
form ethereal salts with acids. Thus, when treated with 
nitric acid, it forms several nitrates, just as glycerol forms the 
nitrates known as nitro-glycerin (which see). 

When cotton is exposed for some time to the action of a 
warm mixture of nitre and sulphuric acid, soluble gun cotton or 
soluble pyi-oxylin is formed. This consists of the lower nitrates 
(the di-, tri-, and tetra-nitrates), which are soluble in ether 
containing a little alcohol, and in acetone. 

The solution is called collodion solution. "When poured upon 
the surface of a solid, such as glass, the ether and alcohol 
rapidly evaporate and leave a thin coating of the nitrates. It 
finds extensive application in surgery and in photography. 

When treated with a mixture of nitric and sulphuric acids, 
cotton yields the higher nitrates (tetra-, penta-, and hexa- 
nitratea), which are not soluble in alcohol and ether. These 
are called gun cotton or pyroxylin. They are extensively used 
as explosives. Gun cotton forms the active constituent of 
some of the smoltcleas powders now so extensively used. In 
the roanufacture of these powders the gun cotton is gelatinized 
by treating it^ in finely divided condition, with acetone oi some 
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other similar solvent. Under these circumstances the gua 
cotton does not dissolve, but it swells up and forms a gelati- 
nous mass. From this the solvent is removed by pressure and 
evaporation, and the residual mass cut into laminaB, or powdered 
by appropriate methods. The name "explosive gelatin" is 
given to the substance prepared as above. 

A solution of soluble cotton in molt«n camphor gives celluloid. 
As it is plastic at a slightly elevated temperature, it can easily 
he moulded into any desired shape. When it cools it hardens. 

Paper. — Paper in its many forms consists mainly of cellu- 
lose. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly mechanically, and partly by boiling with caustic sodat 
The mass is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Eags of cotton or linen are 
chiefly used in the manufacture of paper; wood and straw 
are also used. 

Starch, (CaHmOs).. — Starch is found everywhere in the 
vegetable kingdom in large quantity, particularly in all kinds 
of grain, as maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United States starch is manufactured mainly from 
maize ; in Europe, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water; the softened grain is then ground between stones, a 
stream of water running continuously into the mill. The thin 
milky fluid which is carried away is brought upon sieves of 
silk bolting-cloth, which are kept in constant motion. The 
starch passes through with the water as a milky fluid, and 
this is allowed to settle when the water is drawn off. The 
starch is next treated with water containing a little alkali 
(caustic soda, or sodium carbonate), the object of which is 
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to dissolve gluten, oil, etc. The mixture is now brought into 
shallow, long wooden runs, where the starch is deposited, 
the alkaline water running oEf. Finally, the starch is washed 
with water, and dried at a low temperature. 

Starch has a granular structure, the grains as seen under 
the microscope having a aeries of concentric markings, with a 
nncleas. 

Starch in its usual condition is insoluble in water. If ground 
with cold water, it is partly dissolved. If heated with water, 
the membranes of the stareh-eells are broken, and the contents 
form a partial solution. On cooling, it forms a jelly called 
starch paste. 

With iodine, starch paste gives a deep blue color; with 
bromine, a yellow color. 

Kzperiment 42, Make some starch paste thus : Put a few grammes 
of starch' in an evaporating dish; pour enough cold water upon it to 
cover It ; grind it under the water with a pestle, and then pour 200" to 
300™ hot water upon it When tbis is cool, add a few drops to a litre 
of water, and then add a few drops of potassium iodide. As long as 
the iodine is in combination with the potassium no change of color 
takes place ; but if the lnd[ne Is set free by the addition of a drop or 
two of chlorine water, or of strong nitric acid, the entire liquid tunia 
a beautiful dark blue. The cause of this color is the formation of a 
very unstable compound of starch and iodine. The color is easily 
destroyed by a alight excess of ehlorioe water (try it in a test-tube) ; 
by alkalies (try it) ; by sulphurous acid {try it) ; by hydrogen sulphide 
(try it) i etc. It is also destroyed by heating. (Heat some of the 
solution in a test-tube, and let it stand.) The color reappears on cooling. 

Experlmeot 43. Use some of the starch paste in studying the elTect 
of bromine upon it. Use dilute solutions. The bromine must be in the 
free condition. 

Starch is converted into dextrin, maltose, and glucose by 
dilute acids; diastase converts it into dexti-in, maltose, and 
isomaltose. 
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Elxpcrlment 44. Add 20« concentrated bydrocbloric acid to 200" of 
the Btarch paste already made, and beat for two hours on the water- 
bath, connecting the flask with an inverted condenser (see Fig. 8). 
Then examine with Fehling's solution. Test, also, some of the original 

starch paste with Fehling's solution. 

When starch is treated for a few days with cold, dilute 
mineral acids, it is converted into "soluble starch," which 
dissolves in water without the formation of a paste. 

Starch is used extensively in laundries, as a food, and in 
making glucose (grape sugar). 

Glycogen, (C«HioOj)i. — This is a carbohydrate resembling 
starch that occui-s in the animal organism. It is found in 
. the tissues of nearly all animals as a reserve material, but 
disappears during exercise or hunger. It is especially abun- 
dant in the liver of healthy animals. It yields dextrin, 
maltose, and d-glucose when hydrolyzed. 

Dextrin, CbHioOs- — Dextrin is formed by treating starch 
with dilute acids or diastase. It is converted by further treat- 
ment with acids into glucose. The substance ordinarily called 
dextrin has been shown to be a mixture of several isomeric sub- 
stances which resemble each other very closely. The mixture 
is an unerystallizable solid. It is strongly dextro-rotatory; 
gives a red color with iodine, and does not reduce Fehling's 
solution. It is used extensively as a substitute for gum. 

QmuB. — Under this head are included a number of sub- 
stances which occur in nature. One of the best known is gum 
arabic, which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, like that of 
cane sugar, is C|jHiijO||. Other gums are u-ood gum, obtained 
from the birch, ash, beech, etc. ; haasorin, the chief constituent 
of gum tragacanth, etc. 

Our knowledge of the chemistry of these gums is very 
limited. 
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CHAPTER XII 
MIXED COUPOTTUDS CONTAUnNO NITROGEN 

In speaking of the preparation of dibasic acids from mono- 
basic acids, reference was made to cyan-acetic and the _ two 
cyan-propipnic acids. Tliese are simple cyanogen substitution- 
products analogous to ehlor-acetic and the two ehlor-propionic 
acids. They are made by treating the chlorine products with 
potassium cyanide. They have been useful chiefly in the 
preparation of dibasic acids, as described in connection with 
malonic and the two succinic acids. It will therefore not be 
necessary to treat of them individually here. 

Mote FOR SruDBHT. — How can malonic be made from acetic acid; 
and the two succinic acids from propionic ftcid? Give the equatloos. . 

The chief substances to be considered under the head of 
mixed compounds containing nitrogen are the amino-acids and 
the acid amides. As will be seen, both these classes of sub- 
stances are of special interest, OS they repre.ient forms ot com- 
bination which are favorite ones in nature, especially in the 
animal kingdom, some of the most important substances found 
in the animal body, such as area, uric acid, glycocoll, etc., be- 
longing to one or both the classes. 

Amino-acids 

The relation of an amino-acid to the simple acid is, as the 
name implies, the same as that of an amino derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be re- 
garded as the acid in which a hydrogen has been replaced by 
the amino group, KH,. Thus, amino-acetic acid is represented 
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amine, is represented thus: CHj.NHj, The reasons for regard- 
ing methyl-amine as a substituted ammonia have been stated. 
The formula is based upon the reactions of the substance; 
that is, upon its chemical conduct and the methods used in its 
preparation. The same arguments lead in the same way to the 
view that the amino-acids are substituted ammonias, and, at 
the same time, acids. The simplest method for their prepara- 
tion consists in treating halogen derivatives of the acids with 
ammonia. Thus amino-acetic acid can be made by treating 
brom-acetic acid with ammonia: — 

-^r . O-VrtT _rTTI ,NH, 



Note for Student. — Compare this reaction with that made use of 
for making metbyl-amiue. 

NHs 
Amino-formic acid, carbamic acid, I . — This acid 

CO,H 
13 not known in the free condition. Its ammonium salt, 
NHj 



brought together, and it is thecefore contained in commercial 
ammonium carbonate : — 

I 

The other carbamates are prepared from the ammonium 
salt.. They are decomposed, yielding carbonates and ammonia. 
Thus, when potassium carbamate is warmed in water solution, 
decomposition takes place, as represented in the equation, — 

NHj . COsK -I- H^O = NH3 + HKCOa- 

The ethereal salts of carbamic acid, called uretkanes, are 
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readily made by treating the ethereal salts of chlor-f orrnic acid 
(see p. 158) with ammonia: — 

CI NHs 

I I 

CO/I^H, + 2 NHj = COiCiiHs + NH,C1. 

Amino-formic acid cannot be taken as a fair representative 
of the amino-acids, any more than carbonic acid can be taken 
as a fair representative of the hydroxy-aeids. 

GlycocoU, glycine, 1 arfmn ( rnr ^ ^^^ \ — Tn tho 
amint^acetic acid./ ^'^^^^ \°^'^GO,s) 

■ bile are contained two complicated acids, which are known as 
glycocholic and taurocholic acids. When glycocholie acid is 
boiled with hydrochloric acid, it breaks up, yielding cholic acid 
and glyeocoll. In the urine of horses is found an acid known 
as hippuric acid. When this is boiled with hydrochloric acid, 
it breaks up into benzoic acid and glyeocoll. 

When uric acid is treated with hydriodic acid, glyeocoll is 
one of the products. Further, glyeocoll ia formed when glue is 
boiled with baryta water or dilute sulphuric acid. Its forma^ 
tion from brom-acetic acid and ammonia, mentioned above, gives 
the clearest indication in regai'd to its relation to acetic acid. 

Amino-acetic acid is soluble in water, insoluble in alcohol or 
ether. It has a sweetish taste, and is sometimes called gelatin 
sugar. 

Amino-acetic acid has both acid and basic praperties. It 
unites with acids, forming weak salts ; and it acts upon bases, 
giving salts with metals, — the ami no-acetates. It also unites 
with salts, forming double compounds. 

Examples of the compounds with acids are the 

xr , ,, ., r... KHj.HCl 

Hydrochloride .... CHj < ' , 

and the 2f«ra(e ...... CH,<^|^Jj^^^'; 

of the salts with metals, 
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Zinc amino^cetate . '. Zn(C2H4NO(), + HjO, 
and Copper amino-acetate , Cu(C)H,NO^j + HjO ; 

of the compounds with salts, the double salt of 

OpperMraU | C„(1I0.), . C«(C.H,NO,). + 2 H,0. 

and Copper amtno-acetate, j ^ '" \ i i m 

Treated with nitrous acid, glycocoll is converted into hydcoxy- 
acetic acid. With soda-lime it gives methyl-amine. 

Note fob Student. — Write the equation representing the reaction 
that takes place when glycocoll ia treated with nitroua acid. 

It seems probable that amino^acetie acid and other similar 
compounds are really salts formed by the union of the acid con- 
stituent, earbosyl, with the basic constituent, NHj. In accord- 
ance with this view the formula should be written thus : — 

Sarooaine, methrl-fflyoocoll, C^,NOj(CHj<™,2 ^, 
NH, CH„ 
or CHiX /O )■ — When brom-acetic acid is treated with 

CO ^ 

methyl-amine instead of with ammonia, a reaction takes place 
similar to that which takes place with ammonia, the product 
being methyl-glycocoll or sarcosine : — 

CH,< ^^^jj 4- 2 CH, . NH, = CH, < ^^^^^» + ltH,(CH,)Br. 

Sarcosine is a product of the decomposition of creatine, which 
is found in flesh, and of cafEeine, which is a constituent of 
coffee and tea. It is obtained from creatine and caffeine by 
boiling them with baryta water. Its properties are much like 
those of glycocoll. 

Amino-propionic aoida, CjHiNOj. — These acids bear to 
propionic acid relations similar to that which amino-acetic acid 
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bears to acetic acid. Theie are two, corresponding to a- and 
/3-chlor-propionic acids, from which they are made. They are 
not found in nature. Their properties aie much like those of 
glycocoll. a-Amino-propioDic acid is also called aianin. 

Among the amino derivatives of the higher members of the 
fatty acid series, two are of special importance. These aie 
leucine and isoleucioe. 

Leucine, ^a•anunoi8obut;lacetic acid, 

is a frequent product of decomposition of vegetable and 
animal albuminoid substances. The inactive variety has 
been made aitificiaUy by starting with isovaleric aldehyde, 

°>Cn.CHj.CHO, and by means of hydrocyanic acid convert- 
ing this into the amino acid of the above formula. When this 
inactive acid is split into its optically active components, the 
levo variety is found to be identical with the leucine obtained 
from natural sources. 

Isoleuoine, d-ot-amino-^-methyl-fS-ethyl-pTopionio acid, 
' ' „ '> CH . CH(NH^ . COOH, like leucine, is a frequent prod- 
uct of decomposition of vegetable and animal albuminoid sub- 
stances. It is dextro-rotatory. 

Serine, which is obtained from silk by boiling with dilute 
acids, has been shown to be o-amino-^-hydroxy-propionic acid, 
CHiCOll) . CH(NHj) . COOH. 

CTatine, CtHuN^,S» a substance that is sometimes found 
as a crystalline sediment in the urine of human beings and 
dogs, is a derivative of a-amino-propionic acid. Tin and 
hydrochloric acid reduce it to cyatein, GjHfyOiS. The two 
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substances bear to eacli other the relation represented bj these 
formulas : — 

CHj.SH CHj.S — S.HjC 

I I I 

CH.NHs CH.NHj HjN.HC 

I 1 I 

COOH COOH HOOC 

Cy«ein Cyellne 

Among the amino derivatives of the higher members of the 
fatty acid series, that of caproic acid should be specially men- 
tioned. 

Amis o-suL PHONIC Acids 

Juat as there are amino derivatives of the carboxyl a^ids, 
so, too, there are amino derivatives of the sulphonic acids. 
The most important of these is 

Taurine, ) „ „ „„_ If^-r, . SO,H\ 

/J-Amino-ethyl-sulphonic acid, f ^=^'^""4 "^^ NH,, j' 

Taurine is found in combination with cholic acid in taurocholie 
acid, in ox bile, and the bile of many animals, as well as in 
other animal liquids. It has been made synthetically from 
isethionic acid, CjH»<sq jj, by treating the acid successively 
with phosphorus pentachloride and ammonia: — 

C^ < ^^Qjj + 2 PCI, = C,H, < gjj^^j + 2 FOCI, + 2 HCl i 

teelMoDlc acid Chlor-eUi;l-3ulpboa-c!ili>rtde 

CUor-ethjrl-BUlphonic aeW ' 

Tourlns 

Taurine crystallizes in large monoclinic prisms. It is a very 
stable substance, and can be boiled with concentrated acids 
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without decomposition. With nitrous acid it yields isethionie 
acid. 

It unites with strong bases forming salts, but not with acids. 
This is in accordance with the view that taurine is an inner 
ammonium salt as represented by the formula CsHj< _ *>0. 

Amino-diba8ic Acids 

Aspartic acid, 1 COjH 

Amintvsuccinic aoid, ) C,H,NO,(CjH,(NH,) < ^,q^^ 

or HO,C . HjC - CHCKH,) . CO^H. 

Aspartic acid occurs in pumpkin seeds, and is frequently 
met with as a product of hoihiig various natiiral compounds 
with dilute acids. Thus, for example, it is formed when casein 
and albumin are treated in this way. It is formed also when 
aaparagine (which gee) is boiled with acids or alkalies, 

Aspartic acid crystallizes in rhombic prisms, which are diffi- 
cultly soluble in water. The boiling solution of the natural 
product is levo-rotatory. A cold solution is dextro-rotatory. 
It contains an asymmetric carbon atom, and the three varieties 
((?-, ^, and i-) suggested by the theory are known. When 
treated with nitrous acid, each is converted into the coi-re- 
spunding malic acid. 

Acid Amides 
When the ammonium salt of acetic acid is heated, it gives off 
water, and a body distils over which is known as acetamide. 
The reaction is represented by the following equation ; — 

CH, . COONH^ = CH, . CONHs + HjO. 
The substance obtained has neither acid nor basic properties. 
An examination of the ammonium salts of other acids that 
contain carboxyl shows that the reaction is a general one, and 
a class of neutral bodies, known as the add amides, can thus 
be obtained. As no one of the acid amides of the fatty acid 
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series is of special importance, a few words of a general char- 
acter in regard to the class wiU suffice. 

Besides the reaction above given, there are two others of 
general application for the preparation of the acid amides. 
One consists in treating an ethereal salt of an acid with am- 
monia; thus, when ethyl acetate is treated with ammonia, this 
reaction takes place : — 

CHj . CO AH, + NHa = CH, . CONH, + C,H«0. 

The other reaction consists in treating the acid chlorides with 
ammonia. Thus, to get acetamide, we may treat acetyl chloride 
(see p. 62) with ammonia r — '• 

CHj. COCl + 2 NHa = CHj. CONH, + NH.Cl. 

This last reaction is perhaps most frequently used. It shows 
the relation that exists between acetic acid and acetamide. 
For acetyl chloride is made 'from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, aa has been pointed 
out, to be regarded as acetic acid in which the hydroxyl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that which we have had to deal 
with in the preparation of araino-acids ; the chlorine is replaced 
by the amino group. Therefore, acetamide is acetic acid in 
which the hydroxyl is replaced by the amino group, as shown 
in the formulas : — 



CH,. C - OH CH, - C - NH,. 

As the a^id hydrogen of the acid is replaced, the amide is not 
an acid. On the other hand, the basic properties of the 
ammonia are destroyed by the presence of the acid residue aa 
a part of its composition. This latter fact may be stated in 
another way ; viz., when an ammonia residue is in combination 
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vitb carbon, which in turn ia in combination with oxygen, its 
basic properties are destroyed. 

The amides are converted into ammonia and a salt when 
boiled with strong bases : — 

CHj. CONH, + KOH = CHjCOiK + NH^, 

They are converted into cyanides by treatment with phos- 

jihoras pentoxide, PaOj: — 

CHj . CONHj = CH, . CN + H^. 

' As the substance obtained in this way is identical with methyl 
cyanide, which ia formed by heating the potassium salt of 
methyl-sulphuric acid with potassium cyanide, the reaction 
furnishes additional evidence in favor of the conclusion 
that in tlie cyanides the carbon and not the nitrogen of the 
cyanogen group is in combination with the hydracatbon residue, 
as represented in the formula CHj— C — N. 

As the amide can be made from the ammonium salt, and 
the cyanide or nitrile from the amide, so, by starting with the 
cyanide, tlie amide and the ammonium salt can be made. The 
reaction by which the cyanides are converted into acids is 
based upon these relations : — 

R. COONH^^R . CONH,-»-R . CN, 
and R.CN-».R.CONH,-»-R.COONH,. 

As acetamide is made by treating ammonia with the chloride 
of acetic acid, so, by treating ammonia with the chloride of any 
acid, the corresponding amide can be made. Similarly, by 
treating acid amides with acid chlorides, more complicated com- 
pounds can be obtained. Of these di-acetamide, NH(C,HaO)i, 
and tri-acetamide, ¥i{C,^fi')3, may serve as examples. The re- 
lations of these substances to ammonia and to acetic acid are 
shown by the formulas, ordinary or mon-acetamide being 
NH,.C^O or CH,,CO.NH,. 
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Experiment 46. Arrange an apparatus as ebown la Fig. 12. In 

flask A put 6tW oxalic acid (dehydrated at 100°) and 50« absolute alcohol ; 
and, in flask B, SOz absolute alcohol. Heat the bath D to 100° ; and then 
lieat the alcohol in fli^lc B to boiling, and continue to pass the vapor 
from flask B into the mixture in flask A, meanwhile allowing the tem- 
perature of the oil-bath to rise to 12u°-]30''. A mixture of alcohol and 
eUiyl oxalate will disUl over, while the ethyl oxalate will be mostly in 



Fig-, 12. 
flask A. Add concentrated ammonia to some of the ethyl oxalate. 



Oxamide is thrown down as a white powder. What i 
taken place ? Write the equations. Filter off the oxamide, and wash 
It with water. See whether it conducla itself like an acid. Has it an 
acid reaction? Boil with caustic potash (not too much), and noUce 
whether ammonia is given off. ,Why does it dissolve? How can the 
oxalic aJjid be extracted from the solution ? 

Hoftnann's reaction. — When an acid amide is treated 
with sodium hydroxide and bromine, three reactions take place, 
as represented in the equations: — 

CH3.C0NHi + Br,= CHa.C0NHBr-t-HBr; 
CH,. CONHBr + NaOH = CH3N : C : -I- NaBr -1- H,0 ; 
CHj. N ! C : + H,0 = CHjNH, + C0». 
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It is thus possible by starting with any acid to pass to the 
primary amine containing the same radical as the acid. In the 
case of acetic acid the three sb^es are represented below : — 
^CHg.NHj. 

Uelbylamtne 

This reaction has become of great practical importance in 
connection with the artificial preparation of indigo (which see). 

Amic acids. — When the amide of a polybaaic acid is boiled 
with ammonia, and under some other circumstances, partial de- 
composition takes place, and a substance is formed which' is 
both amide and acid. Thus, in the case of osamide, the prod- 

COiH 
net is oxamic acid, \ . This acid forms well-characterized 

CONHa 
salts and other derivatives such as are obtained from acids in 
general. There is one acid of this kind which is a well-known 
natural substance. It has already been referred to in connec- 
tion with aspartic acid, which is closely related to it. It is 

Asparagine, amino-succinamic acid, 

/CHj.CONHj \ 
OiHgNjOs+HjO I .—Asparagine is found 

in many plants, as in asparagus, liquorice, beets, peas, beans, 
■vetches, and in wheat. It can be made by treating mon-ethyl 
amino-succinate with ammonia. 

Note for Stbdbnt. —What reaction takes place? Write the equa- 

Asparagine forms large rhombic crystals, difficultly soluble in 
cold water, more easily in hot wat^er. When boiled with acids 
or alkalies, it is converted into aspartic acid and ammouia. 

HoTB FOR Student. — Notice that only the amino grouj) of the amide 
Is driven oat of the compound by this treatment. The other amino 
group which is contained in the hydrocarbon portion of the compound 
Is not afiected. 
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Kitrous acid converts asparagine into malic acid. 

Asparagine contains an aaymmetric carbon atom, and two 
of the three theoretically possible stereoisomeric varieties are 
known. The levo-rotatory variety is found in the seeds of 
many plants, in asparagus, in beets, in peas, beans, and in 
vetch sprouts. The dextro variety is also found in vetch 
sprouts. 

Succinimide, CaHi < „Q > NH. — This compound deserves 
attention in this connection, as it represents a not uncomnion 
class known as the acid imides. They are formed from poly- 
basic acids, most simply from dibasic acids. They may be 
regarded as the anhydrides in which the imino group has 
been substituted for ^n oxygen atom. They are formed from 
the amides by loss of ammonia. Thus : — 

CHj.CONH, CHa.CO. 
I =1 >NH-|-NH^ 

CHi.CONH, GHa.CCK 

HucsLnamlde Bacclnlinlds 

The hydrogen atom of the imide is replaceable by some 
metals, or the imide has the properties of a weak acid. 

Oyan-amides, GN^H]. — In speaking of cyanic acid, the 
existence of two chlorides of cyanogen was mentioned: one, 
a liquid having the formula NCCl ; the other, a solid of the 
formula NjCjClg. When the former is treated with ammonia, 
it is converted into an amide, XC.NHj, which bears to cyanic 
acid, KC . OH, the relation of an amide. Like the other simple 
compounds of cyanogen, cyan-amide readily undergoes change. 
Heated to 150° or when allowed to stand, it is converted into 
di-cyan-diamide, CaN^H,; while, when heated to above 150°, a 
violent reaction takes place, and tri-cyan-triamide, C^NsHj, is 
formed. The latter compound is also called melamine and 
cyanuramide, and from certain methods of formation it is 
concluded that it is the amide of cyanuric acid. It is a strong 
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mon-acid base. The formation of these compounds is particu- 
larly interesting, as illustrating the tendency on the part of 
the simpler cyanides to undergo change under slight provo- 
cation. 

Calcium CFanamide, ON^Ca- — This compound has come 
into prominence as a fertilizer. It furnishes the nitrogen 
necessary to the growth of plants. It is made by passing 
nitrogen over calcium carbide heated to 75p°-1000° in an 
electric furnace, when the reaction represented in this equation 
takes place: — 

CaC, + Nj = CN,Ca + C. 

The nitrogen used is obtained by fractional distillation of 
liquid air. 

Guanidlne, CNgHg. — This substance, which is closely 
related to cyan-amide, is formed by the oxidation of guanine 
(which see), and this in turn is obtained from gnano. It can 
also be made by treating cyanogen iodide with ammonia: — 

NCH-2NH, = HN:C<^^' jjj, 

the product being the hydriodic acid salt of guanidine. As 
will be seen, guanidine is cyan-amide plus ammonia: — 
NH, 

It is a strongly alkaline base. Soiled with dilute sulphuric 
acid or baryta water, it yields urea and ammonia : — 
CKjH, + HjO = COKjH, + NH,. 

* GiunldlQe Urei 

Creatine, CiHgKjOj. — This substance is found in the 
muscles of all animals. It is closely related to guanidine 
and also to sarcosine (see p. 208). It has been made syn- 
thetically by bringing cyan-amide and sarcosine together. 
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The reaction is analogous to that made use of for the prepara- 
tion of guanidine : — 

HN.CHs /NHj 

H,C . CO,H \N < ^J^Ct)t)H- 

Creatinine, C^jNsO, is in small quantity a constant con- 
stituent of urine. It can be made fi'om creatine by evap- 
orating its solutions, especially if acids are present. In 
contact with alkalies it gradually takes up the elements of 
water and forma creatine. It is a strong base, forming with 
acids well-crystallized salts. Its relation to creatine is repre- 
sented thus: — 






■NHi /NH 



,CH,.COOH 



= C< 



Une Crwtliilt 



CH, . CO. 



Urea, or carbamide, and derivatives. — Closely related 
to the nitrogen compounds just considered is urea, or the 
amide of carbonic acid. Its importance and certain pecidiari- 
ties distinguish it from the other acid amides, and it is there- 
fore treated of by itself. 

Urea is foimd in the urine and blood of all mammals, and 
particularly in the urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent; the quantity given off by 
an adult man in 24 hours being about 30*. Urea can be made 
by the following methods; — - 

(1) By treating carbonyl chloride with ammonia: — ■ 

COCIs + 2 NHj = CONjH, + 2 HCl. 

(What is (he analogous reaction for the preparation of acetomide ?) 
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(2) By heating ammonium carbamate : — 



(What is the analogous reaction for preparing oiamide ?) 

(3) By treating ethyl carbonate with ammonia: — 

CO < ^^'^' + 2 NHj = CONiiH, + 2 CsH,0. 

(4) By the addition of water to cyan-amide ; — 

CN . NH, + H,0 = CONjH,. 
(6) By evaporation of ammonium cyanate in aqueous solu- 
tion: — 

CN(ONH4) = CONjH4. 

This reaction is of special interest, for the reason that it is the 
first example of the formation, by artificial methods from in- 
organic substances, of an organic compound found in the ani- 
mal body (see p. 1), 

Urea is most readily obtained from ui-ine. 

Experiment 46. Evaporate four or five litres fresh urine to ii thin, 
gyrupy consistence. After cooling add ordinary concentrated nitric acid, 
wlien crystals of urea nitrate are obtained. Filter, wash, and recrys- 
tallize from moderately concentrated nitric acid. When the crystals of 
urea nitrate are white, dissolve again in water, and add finely-powdered 
barium carbonate. The nitric acid forms barium nitrate, and the urea is 
left in free condition. Evaporate to dryness, and from the residue extract 
the urea with strong alcohol. 

EKperimeat 47. Make potassium cyanate as directed in Experi- 
ments 24, p. 83, and 26, p. 85. Extract the cyanate with add water, and 
add a solution of ammonium sulphate containing as miicli oE tlie salt 
as there was used of potassium ferrocyanide in the preparation of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate will crystallize out. Filter this off, and evaporate to dryness. 
Extract with alcohol. The urea will crystallize from the alcoholic solu- 
tion when it is brought to proper concentration. Give all the r 
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involved In paaaing from potassiui 
urea made artificially witb that ms 

Urea crystallizes from alcolxol in large, rhombic prisms, 
whicli melt at 132°. 



Urea is easily soluble in water and alcohol. Heated with 
water in a sealed tube to 180°, or boiled with dilute acid or 
alkalies, it breaks up into carbon dioxide and ammonia: — 
CON,H, + H,0 = CO, + 2 NH» 

The same decomposition of the urea takes place spontaneously 
when urine is allowed to stand. Hence the odor of ammonia 
is always noticed in the neighborhood of urinals that are not 
kept thoroughly clean. This decomposition is due to the action 
of an organism known as micrococcus urea. This change is a 
good example of the way in which nature converts useless 
material into useful ones. Urea is a waste-product of the life- 
process. After it has left the body it ceases to be of value, 
whereas carbon dioxide and ammonia are essential to the life 
of plants and animals. 

Sodium hypochlorite or hypobromite decomposes urea into 
carbon dioxide, nitrogen, and water: — 

COCNsH,) + 3 NaOCl == CO, + 3 NaCl + Nj + 2 H,0. 

The carbon dioxide is absorbed by the solution which contains 
sodium hydroxide, and the nitrogen then measured. From 
the volume of nitrogen obtained the amount of urea can be 
calculated. This is the basis of one of the methods used for 
estimating urea. 

Experiment 49. To a aolutlon of 2tK eodiain hydroxide in 100« 
water add about &" bromine, and shake well. Make a solution of urea 
in nater, and add this to the Bolution of the bypobromite. Ad evolution 
of gas will be noticed, showing that the urea is decomposed. 
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Nitrous acid acts in a similar way : — 

CONjH^ + 2 HNO, = CO, + 2 N, + H,0. 

When heated, urea loses ammonia, and yields first biuret 
and finally cyanuric acid (see p. 86) : — 

NH, /NH, 



"''*--. °«Sl'H+NH„ 



oc< 



■NH, 



3 CO(NH,), = CsHjO^N, + 3 NH^. 

Cj»niirlD Kid 

Biuret in alkaline solution gives a beautiful violet-red reaction 
with a little copper sulphate. This biuret-reaction is charac- 
tei-istic of the more complicated polypeptides (which see). 

Urea unites with acids, bases, and salts. The hydrogen of 
the amino groups can be replaced by acid or alcohol radicals, 
giving compounds of which acetyl urea, C0<„„' " ' , and 
ethyl-urea, CO < * *, ate examples. 

Among the compounds with acids, the following may be 
mentioned: urea hydrochloride, CH,TfjO.HCl; urea nitrate, 
CH^NjO.HNOa; and urea phosphate, CHiNiO.HjPO,. With 
metals it forms such compounds as that with mercuric oxide, 
2HgO.CH,N"jOi with silver, CHjNzO.Aga etc. With salts it 
forms such compounds as 2 CO(NHj)j . Hg(NOa)s . 3 HgO, etc. 

Substituted ureas — that ia, those derivatives of urea 
which contain hydrocarbon residues in place of one or all the 
hydrogen atoms — can be made from the cyanates of substi- 
tuted ammonias. The fundamental reaction is the spontaneous 
transformation of ammonium cyanate into urea: — 

CN.ONH, = 00(NH,),. 
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In the same way, cyanates of substituted ammonias are 
transformed into substituted ureas: — 



CN.ONHaCjH, =C0< 






CN.ONH,(CjH,),= CO<^^^^''', etc. 

The urea derivatives which contain acid radicals are made 
by treating urea with the acid chlorides: — 

CO < ^JJ' + C,H,0C1 = CO < ^ JJ ■ ^"^'^ + HCl. 
Note foe Stddknt. — In what sense ia acetyl-urea analogous to 



UreidB are compounds derived from urea by the substitution 
of acid residues for one or more of the hydrogen atoms. Thus, 

,,^ NH.OC.CH3 . . , ■, ™ , 

acetyl-urea, Ou<„„ , is a simple ureid. The rela- 

tion between the acid and urea in the ureid is like that between 
the acid and ammonia in the amide : — 



CHj. COOH + HHjN = CH,. CONHj + H,0 ; 

CHj.COOH + HHN 

Acid Vri^ Unsld 

The ureids of dibasic acids resemble in the same way the 
amides of these acids. One urea residue takes tlie place of 
the two acid hydroxyls. Thus, in the case of oxalic acid the 
relation is shown by t!ie formulas below : — 

COOH + HHN". CO.HN. 

I >C0= 1 >C0 + 2HA 

COOH + HHN/ CO. HN/ 

OuUowld Urea Urcld ufoiBUciiuld 
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There are several compounds of this kind that are of 
importance : — 

Parabanic acid, 1 f CO.HIfv 1 

Oxalyl-urea. | CgHsKjOj | >C0 . — This la 

Oxal-ureid, J [CO.HN/ J 

formed by boiling uric acid with strong nitric acid and with 
other oxidizing agents, and by treating a mixture of oxalic acid 
and urea with phosphorus oxychloride. It acts like an acid, . 
the hydrogen ot the iinide group being replaceable by metals, 
as in succinimide. Its salts readily pass over into salts of 
oxaluric acid when treated with water: — 

CO.HK COOH 

I >CO + H,0= I 

co.hn/ CO.HN.CONH, 



/CO. OH \ 

DACO-HN-CO-NH,/, 



Oxaluric acid, CaHtNiOACO-HN-CO-NH,/, 
pai'abanic acid the same relation that oxamic acid bears to 
oxamide. It occurs in the form of the ammonium salt in small 
quantity in human urine. With phosphorus oxychloride it 
gives parabanic acid. 

Barbituric acid, malon;l-urea, 

C4H4N,Oa + 2 H,0 ( CH, < g° ' JJ^ > CO V — Barbituric 
acid, like parabanitf acid, is a product obtained from uric acid. 
It has been made artificially by treating a mixture of malonio 
acid and urea with phosphorus oxychloride : — 
COOH NH,_ ^(JO.NH 

Treated with an alkali, barbituric acid breaks up into malonic 
acid and urea. 

The relation of the acid to malonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 
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Sulpho-orea, thio-urea, CS(NHj)i. — This substance is 
formed by heating ammonium sulptiiMiyanate, tlie reaction 
being analogous to tliat by which urea is formed from am- 

NCSNH4=SC(NH,)» 

It forms rhombic prisms melting at 172°. It combines with 

one equivalent of acids, forming salts. 

A number of derivatives of sulpho-urea have been made. 
They resemble those obtained from urea. 

Uric acid, CsH^NiOa- — Uric acid occurs in human urine 
in small quantity, in the urine of carnivorous animaJs, and in 
the excrement of birds and of reptiles. The excrement of 
reptiles consists almost wholly of ammonium urate. In gout, 
uric acid is deposited in the joints, under the skin, and in the 
bladder as calculi, in the form of insoluble acid salts. 

Uric acid forma colorless, crystalline scales, and is almost 
insoluble in water. It acts like a weak dibasic acid. 

By treating the lead salt of uric acid with methyl iodide, 
two isomeric methyl-uric acids can be obtained, and these can 
be further converted into a tetrarmethyl-uric acid, which is 
derived from uric acid by the substitution of four methyl 
groups for the four hydrogen atoms, Cj(CHa)jX,03. When 
this is decomposed, all the methyl groups are given oft in 
combination with nitrogen in the form of methyl-amine. This 
shows that uric acid contains four imino groups, as shown in 
the formula Cj{NH)40j. Other transformations "show that the 
constitution of the acid must be represented by the formula 

NH-CO 
I I 

CO C-NH. 

I II >co. 

NH-O-NH/ 
According to this, uric acid contains two urea residues com* 
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CO 
bined in different ways with the gronp C , It is to be re- 

C 
garded as a diureid of a hypothetical trihydroxyaerylic acid, 
C(OH)s : C(OH) . CO^H. That tliis view is correct has beea 
shown by the artificial preparation of uric acid. 

It will be seen that uric acid contains residues not only of 
urea, but of parabanic acid, of barbituric acid, and of a uteid 
of mesoxalic acid (alloxan). 

Uric acid and related compounds are regarded as derived 
from a compound of the formula 

K = CH H=CH 

II II 

HC C-NH\ or HC C-N:^ 

II II ^CH II II ^CH 

N-C-S^ N-C-NH/ . 

to which the D&mepurin has been given. 

A careful study of uric acid has shown that it is a tauto- 
meric compound. It may be represented by either one of the 
two formulas, 

N = C.OH 



NH 


-CO 


CO 


C-HHv 


NH 


-C-HH' 



HO.C C-NH\ 

II II >c.oi 

According to the latter formula it is a trihydroxypurin. 



\ 
^0 



Xanthine, dihydroxypurin, Ci^,N,0:, is found in all the 
tissues of the body and in the urine, in some rare urinary 
calculi, and in several animal liquids. It is formed by the 
action of nitrous acid on guanine : — 

CjHjNjO + HNOj = CjH.NiOi + HgO + N^ 

In this case the nitrous acid causes a substitution of an 
oxygen atom for an imino group. 
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SZSSStl.ine, }0,H^,O,[O.H,(0H.WO,], i. a 

subatance found in chocolate prepared from the seed of the 
cacao tree. It has been made by treating the lead compound 
of xanthine with methyl iodide. 

Caffeine, theine, trimethyl-xanthine, 

CsHioN.Oj + HijO[CsH(CHj)aNiOi + H^O], is the active con- 
stituent of coffee and tea. It has been made from theo- 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established be- 
tween the active constituents of coffee, tea, and chocolate on 
the one hand, and xanthine and guanine on the other. 

Guanine, aminohydrozypurin, 

CsHsNsOLCsHaCNHaJNiOJv is found principally in guano, 
from which it is prepared. Nitrous acid converts it into 
xanthine. Oxidizing agents convert it into guauidine, CNjH, 
(see p. 217). 

Polypeptides. — These are compounds which have been 
prepared from amino-acids and acid amides. The simplest 
example is gJycyl-glycine, a compound of glycine of the con- 
stitution NHj.CHj.OO.NH.CHj.COjH. As will be seen, 
it contains the glycyl group, NH,.CHj.CO, and this has taken 
the place of one of the hydrogen atoms of the amino group of 
another molecule of glycine. From this by treatment, first 
with chloracetyl chloride, and then ammonia, the tripeptide, 
diglycyl-glycine, NHj.CHj.CONH.CHj.CO.NH.CH,.COjH, 
is formed. Many polypeptides have thus been prepared, among 
them being one containing eighteen carbon atoms. Some poly- 
peptides have been obtained by decomposition of natural albu- 
mins. Most of them are easily soluble in water and difHcultly 
soluble in alcohol. The more complicated polypeptides give 
the biuretreaction (see p. 221). All polypeptides are hydro- 
lyzed, yielding the constituent amino acids. These compounds 
are of special importance because of their relations to the 
peptones (which see). 
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RETROSPECT 



Eetkospect 



All the compounds we have thus far bad to deal with may- 
be regarded as derived from the marsh-gaa hydrocarbons or 
paraffins. These are, (1) the substitutiorirproducts of the hydro- 
carbons; (2) aimhola, of which there ai-e three classes : (a) the 
primary, (6) the secondary, and (c) the tertiary alcohols; (3) 
aldehydes; (i) ketones; (p) acids. 

Acids and alcohols act upon each other, forming (6) ethereal 
salts, and alcohols can be converted into (7) ethers. 

Corresponding to the .oxygen derivatives, there are com- 
pounds containing sulphur, as (8) the sulphur alcohols or mer- 
caplans; (9) the sulphur ethers; and (10) the sulphonic adds. 

Under the head of compounds containing nitrogen occur 
cyanogen and the allied compounds hydTvcyanic, cyanic, and 
sulpho-cyanic acids. Related to these are (11) the cyanides, 
and (12) the isocyanidea; (13) the cyanates, and (14) the iao- 
cyanates; (15) the sulpho-cyanates, and (16) the iso-sulpho- 
cyanates or tnustardroUs. 

Finally, there, are (17) compounds containing metals in com- 
Oination viilh radicals. 

Then there are poly-acid alcohols and poly-basic acids. 

Under the head of mixed compounds were found compounds 
which belong at the same time to two or more of the funda- 
mental classes, as the hydroxy-acids, the carbo-hydrates, and the 
amino-acids. A study of the amino-acids and the acid amides 
led naturally to urea and its derivatives, to uric acid and its 
derivatives, and to the polypeptides. 

We turn now to a new class of compounds, known as unsaltt- 
rated compounds. 
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CHAPTER XIII 

imSATITRATED CASBON COBfPOUNDS — DISTINCTION BE- 
TWEEN SATTTRATED AND UNSATURATED COMPOUNDS 

Most of the compounds thus far studied are generally called 
saturated compounds. This is an appropriate name so far as 
the hydrocarbons themselves and some of the classes of their 
derivatives are concerned. The expression " saturated " is in- 
tended to signify that the compounds have no power to unite 
directly with other compounds or elements. Thus, marsh gas 
cannot be made to unite directly with anything. Bromine, for 
example, must first displace hydrogen before it can enter into 
combination.— CH, + Br, = CH3Br + HBr. 
The compound is saturated. 

On the other hand, a compound that can take up elements 
or other compounds directly is called unsaitirated. Thus, 
phosphorus trichloride is unsaturated, for it has the power 
to take up two chlorine atoms, thus: — 

PClg + Cl,=!PCl,. 
Ammonia is unsaturated, for it can take up an equivalent of 
an a«id : - j^jj^ _j_ jj^,j ^ j^jj^j,, 

The condition of unsaturation is met with among carbon 
compounds in several forms : — 

First. The aldehydes act like unsaturated compounds, aa 
shown in their power to take up ammonia, hydrocyanic acid, 
and other substances. 

Seamd. The ketones also act like unsaturated compounds, 
though their power in this way is less marked than that of the 
aldehydes. 

l^ird. The substituted ammonias are unsaturated, in the 
same sense that ammonia itself is unsaturated. 
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Fourth. The cyanides take up hydrogen directly, and are 
therefore unsaturated also. 

In the substituted ammonias the unsaturation Is due to the 
same cause as that in ammonia. In them the nitrogen is tri- 
valent. In contact with acids it becomes quinquivalent, and 
saturates it«elf. 

In the cyanides carbon and nitrogen are probably linked 
together in a different way from that in the substituted 
ammonias, and when hydrogen ia added to the cyanogen 
group, — C ; ^, the condition is changed to that which ia 
characteristic of the substituted ammonias: — 
, HClN+2H, = H3C-NHf 

In the aldehydes and ketones, carbon ia in combination with 
oxygen in the carbonyl condition. When they unite with 
hydrogen and some compounds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably changed 
to the hydi'oxyl condition. The changes are usually repre- 
sented by formulas such as the following: — 

(CH,),C = + HCN = (CH,),C^q]J- 

In carbonyl the oxygen is represented as held by two bonds 
to the carbon atom, while in hydroxyl it is represented as held 
by one bond. The signs may be used if not too literally inter- 
preted. There are undoubtedly two relations which carbon 
and oxygen bear to each other in carbon compounds. These 
relations may be called the hydroxyl relation, represented by 
the sign C — — , and the carbonyl relation, represented by the 
sign C = 0. 

Fijlh. There is a fifth kind of unsaturation, dependent vpon 
differences in the relations between carbon atoms, and it is this 
kind which is ordinarily meant when utiaaturated carbon com- 
pounds are spoken of. 
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The kind of relation lietween the carbon atoms in all the 
saturated hydvocarbona is, ao far as we know, the same as that 
which exists between the two carbon atoms of ethane, and 
thisis represented by the formula HgC — CHj. This formula 
signifies simply that the two carbon atoms are held together 
by the forces which in marsh gas enabled each methyl group to 
hold one hydrogen atom. Abstracting one hydrogen atom from 
marsh gas, union is efiected between the carbon atoms. What 
would result if i«to hydrogen atoms were to be abstracted, and 
union between the carbons then effected ? Theoretically we 
should get a compound made up of two groups CHg, thus 
CHj.CHa and presumably the relation between the carbon 
atoms in this compound would be different from the relation 
between the carbon atoms in ethane. Without pushing these 
speculations farther, it may be said that there is a well-known 
hydrocarbon of the formula CjH, which differs markedly from 
ethane. It shows the property of unsaturation very clearly. 
This is olefiajit gas or ethylene. It is the first of an homologous 
series of hydrocarbons, only a few of which are well known. 
These hydrocarbons yield derivatives like the paraffins; 
though of these, as well as of the hydrocarbons, very few 
are known as compared with the number of the paraffin 
derivatives. 

ETHYLENE AND ITS OERIVATtVES 
Hydrocarbons, CpHj,,, the Olefines 
The principal hydrocarbons of this series are included in 
the subjoined table : — 

Ethylene, Ethene CjH,. 

Propylene, Propene CjHo. 

Butylene, Butene C,Hg. 

Amylene, Pentene CjH,u. 

Hexylene, Hexene CgHii. 

HeptyUne, Heptene C,H,4. 
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The members are homologous with ethylene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen less than the paraffin with the same number 
of carbon atoms. 

Ethylene, oleflant gas, 0:H,(0Hi = CH2). — This gas is 
formed when many organic substances are subjected to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

C^H.Br + KOH = C,H, + KBr + HjO. 
This is the most important reaction for the preparation of the 
unsaturated compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to substances belonging to 
other classes. By means of it it is possible to pass from 
any saturated compound to the corresponding unsaturated com- 
pound of the ethylene series. Thus we can pass from ethane, 
CjHg, to ethylene, GaH,, by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substi- 
tution-product. By treating the mono-bromine substitution- 
products of other saturated compounds in the same way, the 
corresponding unsaturated compounds can be made. 

(2) The action of sulphuric acid and other dehydrating agents 
upon alcohol : — > 

CjHj.0H = C2Hj-|-HA 

Experiment fil. In a flask of 2' to 8' capacity put a mixture of 
25' alcobol and 150' ordinary concentrated sulphuric acid. Heat to 160" 
to 170°, and add gradually tlirough a funnel tube about 500™ of a mixture 
of 1 part of alcohol and 2 parts of concentrated sulphuric acid. Pass the 
gas through tbree wash bottles containing, in ordefr, sulphuric acid, 
caustic soda, and sulphuric acid. Then pass it into bromine contained in 
a cylinder, provided with a cork with two hoies. If the cylinder has a 
diameter of about 5°", let the layer of bromine tie about &"" to 7"° deep. 
Upon it pour a somewhat deeper layer of water.. Place the cylinder in 
a vessel containing cold water. Pass the gas into the bromine untjl it is 
completely decolorized. (See note, nest page.) 
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Ethylene is a colorless gas which can be coodeDsed to a 
liquid. It bums with a luminous flame. With oxygen it 
forms a mixture which explodes when ignited. Its moat c/iar- 
acteristic property is Us power to unite directly viith other sub- 
'stances, particularly with Hie haXogens'and with the hydrogen acids 
of the halogens. Thus it unites with chlorine and bromine, and 
with hydriodic and hydrobromic acids : — 

C,H^ + C1, =(yT,Cl,i 

C,H, + Br, =CjH,Br,; 

C,H, + HBr=CjH,Br; 

CHi + HI =CjH5l. 
The products formed with chlorine and bromine are called 
ethylene chloride and ethylene bromide. They have been men- 
tioned under the head of halogen deiivatives of the paraffins. 
They are isomeric with eOiylidene chloride and ethylidene bromide, 
which are formed by direct substitution of chlorine or bromine 
for two hydrogens of ethane. 

Note. — The nddition of bromine to ethylene is lllnstrated by the 
experiment last perfonued, in wbich ethylene bromide is formed- To 
purify Uie product, put a little dilute cauatic soda in the cylinder, and shnke. 
Remove the upper layer of water, and repeat the washing with dilute 
caustic Boda. Then wash with water two or three timea, each lime remov- 
ing tlie water with the aid of a separating funnel. Finally, put the oil in a 
flask, add a few pieces of granulated calcium chloride, and allow to stand. 
Four off into a dry distilling-bulb, and distil, noting the temperature. 

A question that may fairly be asked concerning the structure 
of ethylene is this : Does it consist of two groups, CH^ or of 
a methyl group, CHj, and CH? la it to be represented by the 
formula CH,.CH, or CH,.CH? Perhaps the clearest answer 
to this question is found in the fact that the chloride formed 
by addition of chlorine to ethylene, and that formed by replac- 
ing the oxygen.in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 
represented by the formula CHj.C^^. Hence, as has been 
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pointed out, the chlori'de obtained from it must be represented 
thus, CH,.CHCIj. Hence, further, it appears highly probable 
that the isomeric chloride obtained from ethylene must be 
represented thus, CHjCl.CHjCl. Now, as this substance is 
formed by direct addition of chlorine to ethylene, ethylene has 

CHa CHs 

the formula I , and not I 

CHj CH 

Nothing is known in regard to the relation between the two 

carbon atoms of ethylene, except that it is probably different 

from that which exists between the carbon atoms of ethane. 

It is usually represented by the sign (=), or two dots (:); 

CHa 
thus, II orCHaiCHj. The question as to the relation between 

CH, • 
the carbon atoms in ethylene must be left open. If either of 
the above signs is used, it should serve mainly as an indication 
of the kind of unsaturatiou in ethylene, the compound in whose 
formula it is written having the power to take up two atoms of 
bromine, a molecule of hydrobromie acid, etc. 

The homologues of ethylene bear the same relation to it that 
the homolognes of ethane bear to this hydrocarbon. Propylene 

CH.CHs 
is raethyl-ethylene, II , just as propane is methyl-ethane, 

CHj.CHs ■ ^^^ CH.CH, C(CH8)„ 

I . Butylene is dimethyl-ethylene, II , or II 

CHa CH.CiH, CH.CH, CHj 

or ethyl-ethylene, II . That is to say, in the hydro- 

CHj 
carbons of the ethylene series the ethylene condition between 
carbon atoms occurs only once. 

Alcohols, C„Hj„0 

These alcohols bear to the ethylene hydrocarbons the same 
relation that the alcohols of the methyl alcohol series bear to 
the paraffins. Only one is well known. This is the second 
member, corresponding to propylene. 
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Allyl alcohol, C,H,0(CHa:CH.CK.OH).— This alcohol 

is formed-in several ways from glycerol. 

1. By introdueitig two chlorine atoms into glycerol in the 
place of two hydroxyls, thus getting dichlorhydrin, CaHjCl^OH : 

CH2OH CHjCI 

CHOH + u^l = CHCl + 2 H,0 ; 
I "^^ I 

CH,OH CHjOH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CHjCl CHj 

I II 

CHCl +2 Na= OH +2 NaCl. 

1 I 

CHiOH CHjOH 

2. By treating glycerol with the iodide of phoaphoras. This 
gives allyl iodide, C3H5I. By treating the iodide with silver 
hydroxide it is converted into the alcohol. 

3. Most readily by heating glycerol with oxalic acid, as in 
the preparation of formic acid. The mixture is heated to 260°, 
when allyl alcohol passes over. The first product formed in 
this case is an ethereal salt of formic acid with glycerol, 
HOHaC.CHOH.CHiiO.COH. At a higher temperature this 
breaks down, yielding allyl alcohol, HOH,C.CH : CHj, carbon 
dioxide and water. 

Allyl alcohol is a colorless liquid, boiling at 96.5°. It has a 
disagreeable penetrating odor and is miscible with water in all 
proportions. 

Kaseent hydrogen does not act upon it, or at least the action, 
if any, takes place with difficulty. As far as composition is 
concerned, the relation between allyl alcohol and propyl alco- 
hol is the same as that between ethylene and ethane : — 
C,Hi.0H + Hs = C3HT.0H. 
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Allyl alcohol forms eaters with acids and gives tbe other re- 
actions for alcoholic hydroxyl. It is, further, a primary 
alcohol, aa it is converted by certain oxidizing agents into the 
corresponding aldehyde (acrolein) and acid (acrylic acid). 

When treated with a dilute solution of potassium permanga- 
nate it is converted into glycerol : — 

CH, CH^H 

II I 

CH -|-0 + H20=CH0H. 

I I 

CHjOH CHjOH 

Allyl compounds. — Among the derivatives of allyl alcohol 
which are of special interest is ailyl sulp/dde (C5Hj),S, which 
is the chief constituent of the oil of garlic. It can be made 
artificially by treating allyl iodide with potassium sulphide r — 

2 CsH,! + KS = (CsH,)^ S -|- 2 KI. 
It ia a eolorleaa, oily liquid of a disagreeable odor, only alightly 
soluble in water. 

Allyl mustard-oil, SON . CsHj, —Under the head of Sulpho- 
cyauates mention waa made of a series of isomeric compounds 
called isoaul[)ho-cyanatea or mustard-oils. The sulpho-cyaiiatea 
of the alcohol radicals are made from potassium sulpho- 
cyanate. Thus, methyl sulpho^yanate is made by mixing 
together potassium methyl-sulphate and potassium sulpho- 
cyanate, and distilling: — 

:;h/ 

KO" 

The mustard-oils, on the other hand, are made by a com- 
plicated reaction from carbon bisulphide and substituted 
ammonias. The conduct of the sulpho-cyanates led to the 
conclusion that they must be represented by the formula 
KC — SR, while that of the isosulpho-cyanatea or mustard-oils 
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led to the formula SC — KB, as representing their structure. 
Allyl mustard-oil is the chief representatire of the class of 
bodies known as mustard-oils. It occurs as a glucoside (which 
see) ia mustard seed. From the glucoside it is formed by 
the action of an enzyme. It also occurs in horse-radish. It is 
formed by treating allyl iodide with potassium sulpho-cyanate. 
If this reaction consisted simply in the substitution of the ally) 
group, CjHj, for potassium the product should be allyl sulpho- 
cyanate, CjHjS — CN, As a matter of fact it is the isosulpho- 
cyanate C»HjN — CS, As has already been pointed out (see 
p. 94), the stilpho-cyanates are converted into the isosulpho- 
cyanates by heat, so that the formation of tne isosulpho- 
cyanate in this case is not surprising. 

Allyl mustai'd-oil is a liquid, boiling at 150.7°, and having a 
Tcry pungent odor. 

Zinc and l)j'drochloric acid convert it into allyl-araine, 
NHi.CjH,, and thioformic aldehyde, H,CS. This reaction 
indicates that in allyl mustard-oil the radical allyl is in com- 
bination with the nitrogen and not with the sulphur. 

NoTB FOR Stcdekt. — What change do the tnuatard-olls in gcDeral 
undergo when treated with nascent hydrogen ? What change do the 
sulpho-cyanates nndergo when oxidized ? 

Acrolein, acirllc aldehyde. C3HiO(CH,:OH.COH).— 

Acrolein can be made by careful oxidation of ally] alcohol. It 
is formed by the dry distillation of impure glycerol, which 
breaks up into water and acroleYn : — 

C5HA=CsH^O-f2H20. 

It is, hence, formed also by heating the ordinary fats, the 
peculiar penetrating odor noticed when fatty substances are 
heated to a sufficiently high temperature being due to the 
formation of acrolein. It is prepared best by beating glycerol 
with boric acid. 
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Experiment 52. In a teat-tube nviz anhydrous glycerol (I part) 
and boric acid (2 parts), and heat the mixture. Paas the vapors through 
a bent tube into water contained in another test-tube. Notice the odor. 
Try the eSect on a dilute solution of nitrate of silver. What is the mean- 
ing of this reaction ? 

Acroleifn is a volatile liquid which boils at 62.4°. It has an 
extremely penetrating odor, and its vapor acta violently upon 
the eyes, causing the secietion of tears. 

Acrolein takes up oxygen from the air, and is coDverted into 
the corresponding acid, acrylic acid, CjHjO, (which see). 

It takes up hydrogen, and is thus converted into allyl alcohol. 

It takes u'p hydrochloric acid, and is converted into /S^chlor- 
propionic aldehyde: — 

CsH,.COH + HCi = CH,Cl.CH,.COH. 

p-Chlor-proplonlo sldehyda 

The first two reactions are characteristic of aldehydes in , 
general ; the last one is characteristic of unsaturated ccNnpounds 
belonging to the ethylene group. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications which can easily be 
reconverted into acrolein. 

It unites with ammonia, forming acroleln-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. It unites with bromine to form acrolein dibroniide, which 
when treated vrith barium hydroxide gives i-tructose (which see). 



Orotonio aldehyde, 04HsO(OH3.0H: CH.OOH). — This 
aldehyde is most readily made by distilling aldol (which see). 
The starting-point is acetic aldehyde. By treatment with 
sodium carbonate in ether solution the acetic aldehyde is con- 
densed (aldol condensation) to aldol or /3-hydroxy-butyric 
aldehyde, CHs.CH(OH).CH,.COH. By distillation this breaks 
down into crotonic aldehyde and water : — 

CH,.CH(0H).CH,.COH = CHj.CH:CH.C0H + ' 
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AciDB, C„Hj„_sOj 

RuDDing parallel to the ethylene series of hydrocarbons, and 
bearing the same relation to it that the fatty acid series bears 
to the paraffins, is a series of acids of which the first member 
is acrylic acid, CjHjOj. Several members of the series are 
known. The principal members are named in the subjoined 
table: — 

ACRYLIC ACID SERIES 
Acids, C^Hj^.A 



Acrylic i 

Crotonic 

Angelic 

Hydrosorbic 

TeracryHc 

Cimic 

Hypogseic 

Olefc 

Erucic 



OiiHssOr 



Of most of the higher members of the series several isomeric 
modifications are known. Only a few of these acids will be 
treated of here. 

Aorylio aoid, CaH,Oi(CHj:CH.COjH). — This acid has 

already been mentioned in connection with hydracrylic acid, 

which, when heated, breaks up into acrylic acid and water : — 

CHjOH.CHj.CO,H = CH,: CH.COiH + HaO. 



Ilyirtcryllc w 



Icryltc. 



Note fob Student. — This reaction is analogous to that which Ukea 
place when ordinary alcohol is converted inu> ethylene. In what does tlie 
analogy consist? What acid is isomeric with hydracrylic acid? How 
does it conduct itself when heated ? Compare the transfonnation of 
hydracrylic acid into acrylic add with that of malic into maleic and 
fumaric acids, and with that of citrlo into aconitic acid. 
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Acrylic acid can be made by careful oxidation of acrolein 
with silver oxide. The relations between propylene, CsHd, 
allyl alcohol, C,Hi.OH, acrolein, CH,.COH, and acrylic acid, 
CiHa.CO,H, are the same as those between any hydrocarbon 
of the parafGn aeries, and the coiiesponding primary alcohol, 
aldehyde, and acid. 

Acrylic acid can be made further by treating /3-iodo-piopionic 
acid with alcoholio caustic potash : — 

CH^.CHi.COjH = CH,:CH.CO,H + HI. 

Note for Student. — Compare tbis reaction wilb that bj which 
ethylene ia made from ethyl bromide. 

Acrylic acid is a liquid having a pungent odor. It boils at 
140°, and melts at 13°. 

Kascent hydrogen converts it into propionic acid. Hydriodio 
acid unites directly with it, forming j8-iodo-propionic acid, 

-What are the analogoDS leactiona with allyl 



Orotonio aoida, C^sOj. — Two crotonic acids, the ordi- 
nary solid form and isocrotonic acid, occur in croton oil and 
in crude pyroligneous acid. Ordinary or solid crotonic acid 
is formed, (1) by hydrolyzing allyl cyanide j (2) by distilling 
)3-bydroxy -butyric acid; (3) by treating a-brom-butyric acid 
with alcoholic caustic potash; (4) by heating malonic acid 
with paraldehyde and acetic anhydride. 

Allyl cyanide has been shown to have the structure 
CHj.CH : CH.CN, although it is formed from allyl bromide, 
which must have the structure CH, : CH . CHjBr, because this 
is formed by the action of hydrobromic acid on allyl alcohol. 
It follows that the structure of crotonic acid should be repre- 
sented by the formula CHj. CH : CH . COaH. The formation of 
crotonic acid from a-brom-butyric acid, CH,.CHj.CHBr,COjH, 
by the abstraction of hydrobromic acid leads to the same 
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conclusion. So also the formation of crotonic acid from 
paraldehyde and malonic acid points to the formula 
CH,. CH : CH . CO,H for crotonic acid : — 

(1) CH,.CHO + CH,<^°'^ = CH,.CH:C<^^^ + H,0; 

Aldehyde Utloslc uld . 

Again, when crotonic acid is fused with caustic potash, it gives 
only acetic acid : — 

C^H^, + H,0 + = 2 CiH^O, ; 
and, as it has been shown that under these circumstances the 
breaking down takes place at the place where the double bond 
occurs, this reaction furnishes additional evidence in favor of 
the view that ordinary crotonic acid has the constitution 
represented by the formula CH,.CH:CH.C02H. 

Isocrotonio acid contains the same groups as crotonic acid, 
and is alao to be represented by the formula 

CH,.CH:CH.COiH. 
As will be shown under maleic and fumaric acids (which see), 
the difference between the two forms of crotonic acid is proba- 
bly due to the difference in the arrangement of the groups in 
space. 

Ole'io acid, Cj^BstO}. — This acid was referred to in con- 
nection with the fats, it being one of the three acids found 
most frequently in combination with glycerol. Oleln, or 
glyceryl tri-oleate, is the liquid fat, and is the chief con- 
stituent of the fatty oils, such as olive oil, whale oil, etc., and 
of the fats of cold-blooded animals. It is contained also in 
almost all ordinary fats. In the preparation of stearic acid 
for the manufacture of candles, the oleic acid is pressed out 
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of tbe inistnre of fatty acids. To prepare the acid, oleln is 
saponified, and the soap theu decomposed with hydrochloric 
acid. 

Note fok StcDEMr. — Give the equations represenU'iig the reactions 
involsed in passing from olein, or glyceryl tri-oleate, to oleic acid. 

Oleic acid is a colorless oil that solidifies when cooled, form- 
ing crystals that melt at 14°. It unites with bromine, forming 
dibrom stearic acid. Hydriodlc acid converts it into stearic 
acid: — 

C^H^Os + H, = CigHaOj. 

Olc^ kM SMsrlo Bcld 

PoLTBASic Acids of the Ethylene Group 
There are a few dibasic acids that bear to the ethylene 
hydrocarbons the same relations that the members of the 
oxalic acid series bear to the parafQns. They may be regarded 
as derived from the hydrocarbons by the introduction of two 
carboxyl groups. 

Acids, CgH!(CO{H)j. — There are two acids of this formula, 
fumaric and male'ic acids, both of which are formed by the 
distillation of malic acid. Pumaric acid remains in the retort ; 
maleic anhydride distils over. 

Fumaric acid can also be made by treating brom-saecinic 
acid with alcoholic potash. 

Both fumaric and maleic acids are converted into succinic 
acid by nascent hydrogen, and into the same brom-succinic 
acid by hydrobromic acid. Both combine with water to form 
the same malic acid. They are, therefore, structurally the 
same, and both must be represented as ethylene-dicaibonic 

CH.COjH 
acids II . They are hence stereo-isomeric : — 

CH.COjH 

UkUowdd Moltio or FuDuric mM 
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^CO,H^ 



CO.H 



Ad extension of the fundamental ideas of stereochemistry 
furnishes a plausible explanation of the relation between maleic 
and fumaric acids. According to these ideas, a carbon atom in 
combination with four atoms or groups of atoms holds these 
atoms or groups by bonds directed toward the solid 
angles of a tetrahedron, the carbon atom itself 
being at the centre of the tetrahedron. When two 
carbon atoms unite in the simplest way, the stereo- 
chemical model representing the compound consists 
of two tetrahedrons united at one of the solid angles 
of each, thus : — 



When two carbon atoms unite by a double bond, 
as in the ethylene compounds, the model consists 
of two tetrahedrons united by one of the edges of 
each, thus : — 



In case each carbon is in combination with two unlike atoms 
or groups, there are two ways in which these can be ai'ianged 
in space, as shown by the figures : — 
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It will be aeeii that, in the first of these figures, the ^'s are 
on one side, and the B's on the other side; while in the second 
figure A and B are on one aide and B and A on the other. 
The. two arrangements are difEerent In maleic and fu marie 
,acida each carbon atom is in combination with one hydrogen 
atom and one carboxyl group, as shown in the ordinary 

CH.COjH 
formula || . Tliese can be arranged in two ways cop- 

CH.CO,H 
responding to the above figures, thus : — 





COOH HOOC 



It is believed that figure I. represents the configuration of 
maleic acid, and figure II. that of fumaric acid. The main 
reason for this is the fact that when maleic acid is heated it 
loses water and forms an anhydride, while fumaric acid does 
not form an anhydride. As the anhydride is formed by the 
interaction of the two carboxyl groups, a substance of config- 
uration I. could form an anhydride easily because the two oar- 
boxyta are near enough to each other to give off water, while 
in the case of the substance having the configuration repre- 
sented in figure II. this would not appear to be possible. 

The configurations of maleic and fumaric acids can bo repre- 
sented by formulas, thus : — 



H - C - CO,H 



H - C - COiH 

Malela Bcld 



H - C - CO^ 
COjH - C - H 
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Malelc anhydride similarly can be represented thus : — 

H - C - CCK 

II >0 

H - - CO/ 
This extension of the theory of stereochemistry applies to a 
large number of phenomena and furnishes a satisfactory ex- 
planation of a number of cases of isomerism for which no other 
esplanatioo has been found. 

The two crotcmic acids already referred to are believed to be 
related to each other in the same way as maleic and fumaiio 
acids, as shown by the formulas : — 

CH, - C - H CH,- C - H 

COjH -C-H H-C- CO,H 

CrotanlcKld iBocroMnlcuM 

Aoids, CjHgOi. — When citric acid is rapidly heated, a dis- 
tillate consisting of the anhydrides of two acids of the formula 
CJiaO^ is obtained. These acids are itaconio and citraconic 
acids. When itaconic anhydride is distilled under ordinary 
pressure, ' it is converted into citraconic anhydride. When 
citraconio anhydride is heated for some time with water at 
150°, itaconic acid is formed. When a water solution of citra- 
conic anhydride is treated with hydrochloric or nitric acid and 
then evaporated, a third acid, memconic acid, isomeric with 
citraconic and itaconic acid, is obtained. 

It has been shown that citraconic and mesaconic acids are 
respectively homologues of maleic and fumaric acids, as repre- 
sented by the formulas; — 

CHj - C - CO,H CH, - C - GO,H 

H-C - COjH COjH -C-H 

Citraconic acid Usuconic uld 

Like fumaric acid, mesaconic acid does not form an anhy- 
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dride. Itaconic acid is not a methyl derivative of maleic or 
fumaric acid, but corresponds to the formula 





CH,= 


=C-CO,H 
1 
CH,.CO,H 








The formation of itaconic and citraconic a 


nhydrides 


from 


onitic acid is sliown tlius : 


— 








CH.CO,H 


CH 




CH 


0-^ 




C.CO.H 

1 

CH,.CO,H 


. C . CO X 
—^ .| yo or 
CH,.CO/ 


c.c 

1 

CH 




AC0I.11LCBC1J 


IBco 


Ic snliydrids 


Citn« 


Die Bohjilride 





Aoonitic acid, [0aH6O9(C3HsC0O2H)8)]. — Aoonitic acid is 
the only tri-basic acid of this group that need be mentioned. 
Aa has been stated, it is formed when citric acid is heated to 
175°. It is found in nature in aconite root, and in the sap of 
sugar-cane and, of the beet. 

Kascent hydrogen converts it into tri-carballylic acid, 
CjH,(C0jH)4. The relation between citric and aeonitic acid ia 
shown above. 

Acetylene and its Derivatives 
The principal reactions by means of which it is possible to 
pass from a hydrocarbon of the paraflSn aeries to the corre- 
sponding hydrocarbon of the ethylene aeries consist in intro- 
ducing a halogen into the parafBn, and then treating the 
• mono-halogen substitution-product with alcoholic caustic 
potaah: — 

C(H,Br = CjH, 4- HBr. 

The effect of these two reactions is the abstraction of two 
hydrogen atoms from the paraffin. The following queationa 
therefore suggest themselves; — 
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Suppose a dibrom substitution-product of a paraffin should be 
heated with alcoholic caustic potash ; will the effect be that rep- 
resented by the equation 

C,H^Br,= C,H,-|-2HBr? 

And, further, suppose a mono substitution-product of an 
ethylene hydrocarbon be treated with alcoholic potash; will 
the effect be that represented by the equation 
C,HaBr = CsH,-|-HBr? 

If so, it is plain that we have it in our power to make a new 
series of hydrocarbons, the members of which must bear to the 
ethylene hydrocarbons the same relation that the latter bear 
to the paraf&ns. The general formula of this series would be 
^nPsB-it th^* trf the ethylene series being C„Hj,u and that of 
the parafBfa series, CaH,„+^ 

A few members of the hydrocarbon series, CnH^^^ are 
known, though only one is well known, and this one alone 
need be taken up here. 

Acetylene, ethine, CiHj. — Acetylene is contained in coal 
gas in small quantity. It is formed by direct combination 
of hydrogen and carbon when a current of hydrc^en is passed 
between carbon poles which are incandescent in consequence 
of the passage of an electric current; when alcohol, ether, 
methane, and other organic substances are passed through a 
tube heated to redness; when coal gas and some other sub- 
stances are burned in an insufficient supply of air, as when a 
Bunsen burner " strikes back " ; and when ethylene bromide is 
treated with alcoholic caustic potash : — • 

CjH^Br, = CiH, + 2 HBr. 

It is formed further when bromoform, CHBrj, or iodoform, 
CHIj, ia treated with silver or zinc dust. 

It is easily made by the action of water on calcium 
carbide: — 

C,Ca -H 2 HjO = C,H, + Ca(OH)^ 
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This process is extensively used on the large scale for the 
prepaiation of acetylene for illuminating purposes. 

Experiment 53. In a Woulfi's flask or an ordinary Florence flaak 
provided ffitlk a dropping funnel and an outlet tube, pul a fen pieces of 
calcinm carbide about the size of half-inch cubes. When the water irom 
the funnel is allowed to drop on the carbide the gas is given oE at once, 
and the rapidity ot the current can be regulated by regulating the drop- 
ping of the water. After the operation bas been in progress long enough 
to drive the air out of the apparatus, connect a, burner with the delivery 
tube at A, and set fire to the gas. Unless the burner is an "acetylene 
burner" the flame gives a great deal of soot and it should not be allowed 
to bum long. In the tesl-tube £ is a strong solution of ammoniacal 
cuprous chloride prepared as follows : Make a saturated solution of I part 
common salt and 2) parts crystallized copper sulphate. Saturate with 
sulphur dioxide. FilKt, and wash with acetic acid. Dissolve the wbil« 



cuprous chloride in amraonia. Pass some of the gas through this solu- 
tion. The acetylene will be absorbed by the copper solution, and a pre- 
cipitate formed (see Exp, 54). 

Acetylene Is a colorless gas of unpleasant, leeky odor. It is 
poisonous. It burns with a luminous, sooty Same. 
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When heated to a sufficiently high temperature, it is con- 
verted into the polymeric substances, benzene, CgH^, and sty- 
tene, C^Hg. It unites with hydrogen to form ethylene and 
ethane. It unites with nitrogen, under tlie influence of the 
Bparks from an induction coil, forming hydrocyanic acid: — 
CiH, + 2K = 2HCN. 

Acetylene forms some curious compounds with metals and 
meta,llic oxides. Among them may be mentioned the copper 
compound obtained in Exp, 53. This has the composition 
CjCuj, which is the cuprous salt of acetylene. It is a reddish- 
brown substance, insoluble in water. When dry, it explodes 
violently at 120°. Hydrochloric acid decomposes it, acetylene 
being evolved. 

Experiment S4. Filter off the precipitate obtained in Eip. 63, 
and waali it until ilie wash-water rucis through colorleaa. Bring the 
precipitate, together with a little water, into a flaat furnished with a 
funnel-tube and a. dell very- tube. Slowly add concentrated hydrochloric 
acid, and notice the evolution of gas. Collect some of it in a small 
cylinder over water, and burn it. 

Acetylene acts like a weak dibasic acid. Cuprous carbide, 
CjCuj, calcium carbide, CjCa, silver carbide, CjAgj, etc., are 
salts of the acid. 

Gaicium carbide, CaCj, is formed by heating coal and lime 
together in the electric furnace. With water it gives acetylene 
and calcium hydroxide. It is used extensively for illumiuat 
ing purposes. 

Acetylene unites with bromine, forming the compound 
CiHjBr„ tetra-brom-ethane. It unites with hydrobrouiic and 
hydriodic acids, forming substitution-products of the saturated 
hydrocarbons : — 

C,Hj-t-2HI=!C3HJ^ 

The union between the carbon atoms in acetylene is com- 
mouly represented by three lines (s), or three dots (■). 
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Thus, acetylene is written III or CHICH. Like tlie sign of 

CH 
the ethylene condition, the sign of the acetylene condition 
should not be interpreted too literally. It is best to regard it 
as the sign of the condition existing in acetylene. This condi- 
tion can-ies with it the power to take up four atoms of a halogen, 
or two molecules of hydrobromic acid and similar adds, and to 
form metallic derivatives like those of acetylene above referred to. 
Most of the higher members of the acetylene series of hydro- 
carbons bear to acetylene the same relation that the higher mem- 
bers of the ethylene series bear to ethylene. The first one 13 

Allylene OT methyl-acetylene . ■ . CHj.CICH; 
the second is 

Ethyl-acetylene CjH, . C ; CH, 

or Dimethyl-acetylene CH3. C ;C . CH,. 

It should be noticed in this connection that there is a hydro- 
carbon of the formula C^H^ which, strictly speaking, is not 
a bomologue of acetylene, though it is closely related to 

CHiCHj 
dimethyl-acetylene. It has the formula I 

CH:CHa 
The homologues of acetylene may be divided into two classes : 

1. Those which are obtained from acetylene by the replace- 
ment of one or both of the hydrogen atoms by saturated 
radicals, such as methyl, ethyl, etc. These are called the true 
homologues. They all retain the condition peculiar to acetylene. 

2. Those in which the ethylene condition occurs twice, as 
in the hydrocarbons of the formulas 



CH:CH, 
I , 

CHrCHi 



C(CH,), 



These may be called dielhylene derivatives. These, like acety- 
lene and its true homologues, have the power to take up four 
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atoms of a halogen, or two molecules of hydrobromic acid and 
similar acids, but tbey do not form copper and silver salts. 

Propargyl alcohol, CgHiO. — This alcohol is mentioned 
merely as au example of alcohols which are derived from the 
acetylene hydrocarbons. It is the hydroxyl derivative of 
allylene, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, CgHiBr.OH, with alcoholic caustic potash: — 
CH,OH CHjOH 

I = I +HBr. 
CBr = CH, C = CH 

Acids, C,Hfc,_,0, 
These acids are the carboxyl derivatives of the acetylene 
hydrocarbons, and hence diSer from the members of the acrylic 
acid series by two atoms of hydrogen each, and from the mem- 
bers of the fatty acid series by foui- atoms of hydrogen each. 

/OH N 

Froplolio acid, GtH^O,/ = ]. — The potassium salt of 

VC.CO^/ 

this acid has been made from the acid potassium salt of acety- 

C.COjK 
lene-dicarbonic acid, ||| , by heating its aqueous solution. 

C.CO,H 
Acetylene-dicarbonic acid is formed by heating dibrom -succinic 
acid with a water solution of caustic potash: — 
CHBr.CO,H O.COjH 
I =111 -1-2 HBt. 

CHBr.COjH CCO^H 

/O.CH, \ 
Tetrolio aoid, CRtOj ||[ , is obtained by treating 

VC.CO^H/ 
/S^ihlor-crotonic acid with caustic potash: — 
CCl.CH, C.CH, 

II = III +HCL 
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Sorbio acid, C,H9O,C0H,.CH:CH.CH:CH.0O2H).— 
This acid occurs in the unripe beri'ies of the mountaiu ash. 
It takes up hydrogen and yields hydroaorbic add, a member of 
the acrylic acid series (see table, p. 238). It also takes up 
bromine, the final product of the action being an acid of the 
formula C,H,Br^ . COjH. With bjdrobromic acid it forms 
dibrom-eaproic acid : — 

C^,.C0^ + 2 HBr = C,H,Br,.CO,H. 

DLbrom-Mprofc mH 

It will be observed that sorbic acid is a diethylene derivative 
and that it does not contain the acetylene condition. 

Linoleic acid, CisHjsOjCCiTHsiOOaH). — This acid occurs 
in the form of an ethereal salt of glycerol in drying oils. It 
can be obtained from linseed oil by saponification. It ia an 
oily liquid, one of the most marked properties of which is its 
power to take up oxygen from the air, and turn into a solid 
substance. Linseed oil itself has this propei-ty of hardening 
or drying. It is the principal substance belonging to the class 
of drying oils. The oil is used extensively as a constituent of 
varnishes and of oil paints. 

The relations between linolelic, oleic, and stearic acids as far 
as their composition is concerned are shown by the following 
formulas : — 

CisHaO, C„H».0, C„H^O, 

Blearic Bcid Oleic uM Llpglelc acid 



Valylene, CsHj, — We have thus far had to deal with three 
series of hydrocarbons of the general formulas CnHgn+a CnHm, 
and C„H„.j, We naturally inquire whether there is a series of 
the general formula CoHj„_4. A few members of the series have 
been prepared by abstracting hydrogen from certain of the 
acetylene hydrocarbons by the action of alcoholic potash on the 
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bromine derivatiTes. ' Thus, valylene, CjHg, has been made by 

treating valerylene bromide, CjHsBra, with alcoholic potash : — 

CjH,Br, = CjH, + 2 HBr. 

It is a liquid. Its most characteristic property is its power 

to unite with bromine to form the saturated compouud CiHsBrj. 

Dipropargyl, CsHa- — Dipropargyl (boiling point 85°) is 
obtained from the compound diallyl-tetrabromide, C«H,aBr4, by 
boiling with alcoholic caustic potash : — 

CBH,oBr, = G.H« + 4HBr. 

It unites very readily with bromine, forming, as tbe final 
prqduct of the action, the compound CaHjBrj, which is an octo- 
bromine substitution-product of hexane, €eH,j, 



The unsaturated hydrocarbons and their derivatives thus far 
treated of are obtained by simple reactions from the saturated 
compounds, and they all have the power to take up bromine, 
hydrobromic acid, etc., readily, and thus to pass back to the 
saturated condition. Whatever the real nature of the relation 
between the carbon atoms in all these unsaturated hydrocarbons 
may be, it is easily changed to the condition that exists in the 
saturated compounds. There are several hydrocarbons, how- 
ever, which ai'e unsaturated but are not easily converted into 
derivatives of the saturated hydrocarbons. Although under 
some ci re ii instances they with difficulty unite directly with the 
halogens, they do not take up enough to convert them into 
derivatives of the paraffins ; and the products formed are un- 
stable, easily giving up the halogen atoms with which they 
united. The simplest hydrocarbon of this kind ia the well- 
known benzene, which is isomeric with dipropargyl. Before 
proceeding to the study of benzene and its derivatives, it will 
be well to inquire whether the abstraction of hydrogen by 
the reaction chiefly used can be pushed further than it has 
thus far been pushed. Can we, in other words, by means of 
this reaction get hydrocarbons of the formula CaHs„_g which 
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have the power to unite directly with ten atoms of bromine ? 
Such hydrocarbons have not been prepared. Hydrocarbons of 
the formula CQHjg_g are known ; but they are not made from 
the parafBus by abstracting hydrogen, and they are not con- 
verted into substitution-products of the parafBns hy the 
addition of halogens and halt^n acids. 

The compounds which have been treated of fall under five 
general heads, according to the formulas of the hydrocarbons. 
These heads are : — 
. 1. Hydrocarbons, C„Ha,+a the paraffins and their denvativea. 

2. Hydrocarbons, C^.^,, or olefins and their derivatives. 

3. Hydrocarbons, C„Hjn_j, or the acetylene hydrocarbons and 

their derivatives. 

4. Hydrocarbons, CnHi„_„ and their derivatives. 

5. Hydrocarbons, C„Ha,_g, and their derivatives. 

This classification, while strictly correct, is misleading, inas- 
much as it conveys no idea in regard to the relative importance 
of the compounds of the different classes. As we have seen, the 
only compounds whose treatment required much time are those 
of the first class. These compounds stand out prominently, 
and are distinguished by the frequency of their occurrence and 
their great number. The compounds of the second class are 
much less numerous, and but a small number of them are familiar 
substances. "While a few substances belonging to the third 
class are known, our knowledge in regard to the class ia much . 
more limited than even that of the second class. Finally, as 
regards the fourth and fifth classes, the few representatives 
of them that are known are at present scientific curiosities. 
Thus, after we leave the paraffin derivatives, our knowledge 
dwindles away very rapidly when we pass to the following 
classes, until it ends with a single compound in the fifth class. 

Let us now pass to the consideration of a new group, the 
importance and number of whose members entitle it to rank 
with the group of paraffin derivatives. 



D,a,l,zc.bvG00gIe 



CHAPTER XrV 

THE BENZENE SERIES OF HYDROCARBONS.— 
AROMATIC COMPOUNDS 

The fundamental substance of this group is benzene, CjHb, 
which bears to the group the same relation that marsh gas 
bears to the group of paraffin derivatives. Benzene, together 
with some of its homologues, is a product of the distillation of 
bituminous coal, and is, therefore, contained in coal tar. As 
coal tar is the raw material from which all benzene derivatives 
are obtained, it will be well briefly to describe the conditions 
of its formation and the method of obtaining pure hydrocar- 
bons from it. 

Coal tar ia a thick, black, tarry liquid, which is obtained in 
the manufacture of illuminating gas from bituminous coal. 
The coal is heated in retorts, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in thera the liquid and volatile solid products are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from which a great many substances have been 
obtained. Among those most readily obtained from it are the 
hydrocarbons of the benzene series, as well as the hydrocarbons 
naphthalene and anthracene, both of which are important sub- 



When the tar is heated, of course the most volatile liquids 
pass over first. These are collected in vessels containing water. 
The first portions of the distillate float on water, and constitute 
what is called the light oil. After a time hydrocarbons and 
other substances of greater specific gravity than the light oil 
pass ovOT. These portions sink under water, and constitute 
the lieavy oil. 

S5i 
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The light oil ia treated with caustic soda, which removes 
phenol (carbolic acid) and similar substances, and with sul- 
phuric acid, which removes certain basic componnda and olefins. 
The residue is then subjected to fractional distillation, by 
which means the first two members of the series can be ob- 
tained in very nearly pure condition. As these hydrocarbons 
form the basis of a number of important industries, they are 
separated from coal tar on the large scale. 

The principal members of the series are named in the table 
below, 

HYDROCARBONS, C„Hi(a_a 

E Sekies 



Benzene CgHg. 

Toluene ". CH,. 

Xylenes CsH,». 

Mesitylene i p „ 

PseudocumeneJ 

Durene 1 p H 

Cymene J 

Hexarmethyl benzene CijH^- 

Benzene, CgH^ — Benzene is prepared, as above described, 
from the light oil obtained from coal tar. A large part of the 
benzene now used is obtained from the gas formed in the coke 
furnaces. It is also prepared by heating benzoic acid with lime, 
when the acid breaks up into carbon dioxide and benzene : — 
C,HA = C„Ha + CO,. 

Note for Student, — What is the analogous method for the prepara- 
tion of marsh gas? 

Benzene has been made further by simply heating acetylene: —^ 

3C2Ho = CflHfl. 

To purify the hydrocai'bon obtained byfractional distillation 
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from light oil, it is cooled down to a low temperature, and that 
which does not solidify ia poured off. The crystals are pressed 
in the cold between layers of bibulous paper, and are then very 
nearly pure benzene. This can be further purified by treats 
ment with sulphuric acid, which removes a small quantity of a 
substance containing sulphur, and known as tkiopkene, C^S- 
Perfectly pure benzene is obtained by distilling pure benzoic 
acid with lime. 

Experiment 5S. Mis intimately 50' benzoic acid and 100' quick- 
lime, and distil from a flask coauected with a condenser. See that tbe 
materials and apparatus are dry. Add a little calcium cliloride to the 
distillate ; and, after it has stood for ao hour or two, redistil it from a 
distill iDg-bulb of proper size, noting the temperature at which it boils. 
I'uC the redistilled hydrocarbon in a test-tube, and surround it with a 
freezing mixture. 

Experiment 56. In most places where there are gas-works it will 
not be difficult to get a quantity of light oil. The separation of some 
of this into benzene and toluene, and tbe purification of the two hydro- 
carbons, is the best possible introduction to a stud; of the aromatic 
compounds. The benzene and toluene thus obtained may be used in the 
preparation of a number of typical derivatives according to methods 
which will be described. In fractioning the light oil, it will be observed 
that there is a tendency to an accumulation of tbe distillates in the parts 
boiling near 80.5° (tbe boiling-point of benzene) and 110° (the boiling- 
point of toluene). The final purification of the benzene should be eSected 
by freezing and pressing, as described above. The loluene ebould be dia- 
tlUed until its boiling-point is not changed by redistillation. 

Benzene is a colorless liquid boilihg at 80.5". It has a 
peculiar, pleasant odor. Several of the homologuea of benzene 
have a similar odor. Hence the name aT^niatic compounds was 
given to them originally, and it is still in general use. Ben- 
zene is lighter than water, its specific gravity being 0,899 at 0°. 
It is insoluble in water, soluble in alcohol and chloroform. It 
bums with a bright, luminous, smoky Same. 

Experlnnent 57. Pour a layer of benzene on water In a small 
evaporating-dish. Set fire to it. 
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Benzene crystallizes in orthorhombic prisms wheii cooled to 
0°. These melt at 6°. It is an excellent solvent for oily and 
tesinous substances.* 

Chemical conduct of benzene, and hypothesis regarding its 
structure. In the light of the knowledge already gained in 
studying hydrocarbons which contain a smaller proportion of 
hydrogen than the parafBna, we should naturally expect to find 
that benzene can easily be converted into a derivative of 
bexane. We should expect to find that it unites with bromine, 
just as dipropargyl does, to form an octo-brom-hexane thus, — 

C(H, + Brg = CBHaBrj; 
with hydrobvomic acid to form tetra-brom-hexane thus, — 

CaHa + 4HBr = CaH,oBr,; 
and probably with hydrogen to form hexane, — 
C,Hg + 8 H = C.Hh. 

But none of these reactions takes place. Hydrobromic acid, 
which combines so readily with all the unsaturated compounds 
hitherto considered, does not act at all upon benzene. Bromine 
acts readily enough, but the action which usually takes place 
is like that which takes place with the saturated paraffins. It 
is substitution, and not addition. Thus, bromine forms mono- 
brom-benzene, CsHjBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a 
product is formed which has the formula CgHjBr^ known as 
benzene hexabromide, and to this no more bromine can be added. 

Benzene takes up six atoms of hydrogen and yields a hydro- 
carbon of the composition C^Vlu- '-This is not a member of the 
ethylene series. (See H exam ethylene.) 

The facta mentioned show clearly that benzene differs in 
some way fundamentally from all the hydrocarbons which 
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have been treated of thus far. But these facts are not suffi- 
cient to enable ua to form an hypothesis in regard to its struc- 
ture. On studying the many substitHtlon-products of benzene, 
however, facts of a different order and of the highest impoi- 
tance are revealed. 

It will be remembered tliat the theory in regard to the rela- 
tions of the parafBns to each other is based upon the fact, that 
only one mono-substitution product of marsh gas can be ob- 
tained with any given substituting agent. There is but one 
chloi-m ethane, but one brom-methane, etc. This fact leads to 
the belief that each hydrogen atom of marsh gas bears the 
same relation to the carbon atom, or that marsh gas is a sym- 
metrical compound. A similar conclusion has been reached 
in regard to benzene; and it is based upon a thorough 
study of the substitution-products. Notwithstanding almost 
innumei-able efforts to prepare isomeric mono-substitution 
products of benzene, no such isomeric substances have been 
prepared. There is but one mono-brom-benzene, but one mono- 
chlor-benzene, etc. Further, mono-brom-benzene has been pre- 
pared by substituting bromine for each of the six hydrogen 
atoms of benzene successively j and the product has been found 
to be the same, no matter which hydi-ogen is replaced. As this 
fact is of fundamental importance, it will be well to point out 
how it is possible to replace the six hydrogens successively, and 
to know that in each case a different hydrogen atom is replaced. 
While it would lead too far to follow this subject in detail, the 
principle made use of can be made clear in a few words : — 

We have a compound, the formula of which is CsHj. Write 
it thus, CsHHHHHH, numbering the hydrogen symbols to fa- 
cilitate reference to them. The problem is to replace, say H, 
by bromine J in a second case, to replace H by bromine; in a 
third, If, etc. ; and to compare the six mono-brom-benzenes thus 



obtained. Suppose we treat benzene with bromine. We get 
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a mono-brom-beiizene, and we know that one of the hydrc^en 
atoms is replaced by bromine, but of course we cannot tell 
■which one. We may assume that it is any one of the six 
represented in the abo^e formula. For the sake of the argu- 
ment, call it H. Our compound is therefore CeBrHHHHH. 
Now treat this compound with something else which has the 
power to replace the hydrogen, say nitric acid. A second 
hydrogen atom is replaced by the nitro group NOj. Again, 
we do not know which one of the hydrogen atoms is replaced 
in this operation, but we do know that it is a different one 
from that which was replaced by the bromine in the first 
operation. Call it H. We have, therefore, the compound 
CgBr(NOi)HHHH. By treating this compound with nascent 
hydrogen, two reactions take place, the chief one for our 
present purpose being the replacement of the bromine by 
hydrogen. In other words, H is put back into the com- 
pound again, and we have CbH(NH2)HHHH. By means 
of two reactions which will be studied farther on it is a 
simple matter to replace the amino group by bromine. This 
done, we have the compound CsHBrHHHH, or a mono-brom- 
benzene, in which the bromine certainly replaces a different 
hydrogen atom from that replaced by direct substitution. The 
two products are, however, identical. The above explanation 
will serve to make clear the principle that is involved in the 
study of the relations which the hydrogen atoms contained in 
benzene bear to the molecule. The principle has been applied 
successively to all the hydrogen atoms, and, as already stated, 
the result is the proof that all these hydrogen atoms beat the 
same relation to the molecule. The same is true of the carbon 
atoms, as the compound is symmetrical. 

How can we imagine six carbon atoms and six hydrogen 
atoms arranged so that all these shall bear the same relation 
to the molecule ? The simplest conception is that each carbon 
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is in combinatioii ^ith one hydrogen, and that the six carbon 
atoms are arranged in the form of a ring, and not, as in the 
paraffins, in the form of an open chain, or a chain with branches. 
Using our ordinary method of representation, this conception 
is symbolized in the formula, 

H 
C 



Hcl JcK 



H 

or, as the curved lines have no special significance, the expres- 
sion becomes 

H 

I I 

HC, ,CH 

H 

This symbol, then, is the expression of a thought suggested by 
a study of the chemical conduct of benzene. Before we can 
accept it as probable, it must be tested by all the facts known 
to ns. If it is not in accordance with all of them, if it sug- 
gests possibilities which are not realized, then it must be dis 
carded. 

.In the first place, then, does it account for the addition 
products, benzene hexabromide, hexa-hydro-benzene, etc.? The 
formula represents each carbon atom as trivalent, and we should 
expect, therefore, each one to have the power to take up an 
additional univalent atom, forming, in the case of bromine, 
a compound of the formula 
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HBr 

BrHc/ \cHBr 

I I 

BrHC. ,CHBr 

HBr 

in which each carbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up 
more bromine. Hence, the last product of the addition of 
bromine io benzene should be benzene hexabromide. The 
facts and the hypothesis are ia harmony. 

Again, we may inquire : Of how many isomeric di-substitn- 
tion products of benzene does the hypothesis suggest the exist- 
ence ? Numbering the hydrogens in the formula, we have : — 
(1)H 

C6)HC/ \0H(2) 

(5)Ha /OH (3) 

H(4) 
The hydrogens (1) and (2), (2) and (3), (3) and (4), (4) and 
(5), (5) and (6), and (6) and (1), bear the same relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (4), or any other of the 
atx>ve-named pairs, the product ought to be the same. We 
should get a compound of which the following is the general 
expression, in which X represents any substituting atom oi 
group:— X 

HC/^CX 

I : 

H 
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In the second place, the hydrogens (1) and (3), (2) and (4), 
(3) and (5), (4) and (6), (5) and (1), and (6) and (2) bear to 
each other the same relation, but a different relation from 
that which the above pairs do. Replacing any such pair, we 
should have a second compound, which is represented by the 
genei'al formula 

X 

I I 

H 



Finally, there is a third kind of relation, which is that 

between hydrogens, (1) and (4), (2) and (5), and (3) and (6) ; 
and, by replacing auch a, pair, we should get a compound 
represented by the general formula 

X 

I I 

HC. ,CH 



The hypothesis suggests no other ■possibilities. We see thus 
that the hypothesis indicates the existence of three, and only 
three, classes of di-substitution products of benzene. Tliere 
ought to be three, and only three, di-chlor-benzenea ; three, 
and only three, di-brom -benzenes, etc. 

The di-substitution products have been studied very ex- 
haustively for the purpose of determining definitely whether 
the conclusion above reached is in accoi'dance with the facta ; 
and it may be said at once, that every fact thus far discovered 
is in harmony with the hypothesis. Three well-marked classes 
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of isomeric di-substitution products of benzene are known, and 
only three ; and many representatives of the three classes have 
been studied carefully. There are many other facts of less 
importance known which furnish arguments in favor of the 
benzene hypothesis expressed in the formula above discussed, 
but this is not the place to discuss them. Let it suffice, for 
the present, to recognize that the hypothesis is in accordance 
with the most important facts known to us. 

There is one point that has not t^een touched upon, and that 
is the relation of the carbon atoms to each other. The formula 
is commonly written thus : — 

H 



H 

which indicates that the carbon atoms are joined together alter- 
nately by single and by double bonds. This formula, however, 
expresses something about which we know little, and concern- 
ing which it is difficult, at present, to form any conception. 
Another formula that has been suggested is this: — 

cir 




CH 



In each of these, as will be seen, an attempt is made to account 
for the fourth bond of each carbon atom. The question in- 
volved is an extremely difficult one to investigate, and it is 
not sui'prising that chemists do not agree as to the formula 
to be preferred. 
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mple formula 



H 
/ 

I 



HCK \)H 



^V 



,CH 



H 

leaves the question as to the relation between the carbon atoms 

entirely open, and suffices for most purposes. 

The benzene hypothesis has been treated of somewhat fully, 
for the reasons, that it has played an extremely important part 
in the study of the benzene derivatives, and that its use serves 
greatly to simplify the study of these derivatives. 

Benzene and its homologues form nitro compounds and sul- 
phonic acids by direct treatment with nitric and sulphuric 
acids, respectively. Tliis distinguishes them from the paraffins 
and other hydrocarbons hitherto treated o£. 

Toluene, CiHsCCgH,.CHa) — Toluene was known before 
it was obtained from coal tar, as it is formed by the dry dis- 
tillation of Tolu balsam, whence its name. Its relation to 
, benzene is shown by its synthesis from brom-benzene and 
1 iodide : — 
CsH^r + CH3I + Na, = CsH,. CH, + NaBr + Nal. 



NoTB FOR Student, — Compare thiareactioo nitb that used in the ^n- 
thesis of ethane from methane, of propane from ethane and methane, etc. 

According to this synthesis, toluene appears as methyl-beiizene, 
or benzene in wldch one hydrogen is replaced by methyl ; or 
as pkent/t-methane, or methane in which one hydrogen atom is 
replaced by the radical phenyl, CjHj, which bears the same 
relation to benzene that methyl bears to marsh gas. 

Toluene is a colorless liquid that boils at 110"; it has the 
specific gravity 0.8S24 at 0°; and has a pleasant aromatic 
odor. 
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It is very susceptible to the action of regents, yielding a 
large number of substitution-products, some of the most im- 
portant of which will be taken up farther on. 

But one toluene or methyl-benzece has ever been discovered. 

Towards oxidizing agents its conduct is peculiar and inter- 
esting. The methyl is oxidized, while the phenyl remains 
intact. The product is a well-known acid, benzoic acid, which, 
as we have seen, breaks up readily into caibon dioxide and 
benzene. It has the composition CiHgOg, and is the carboxyl 
derivative of benzene, OsHj.COjH. The oxidation of toluene 
is represented by the equation 

CgHs-CH, -1-3 = C8H..C0sH -|- H,0. 

Xylenes, C8H,o[C6H,(CH3)j] That po t n of 1 ght oil 

which boils at about 140° was originally call d xy! It was 

afterwards found that this coal-tar xylene t f three 

isomeric hydrocarbons. As the boiling-point f th three 
substances lie quite near together, it is impossible to separate 
them by means of fractional distillation. By treatment with 
sulphuric acid, however, they can he separated, and thus ob- 
tained in pure condition. They are known as orUio-xylene, 
meta-xylene, and para-xt/lene. . 

Ortho-xylene resembles benzene and toluene in its general 
properties, but boils at 142°. 

Meta-xylene boils at 137°. It is the principal constituent 
of commercial xylene. 

Para-xylene boils at 136° to 137°. 

These hydrocarbons have also been obtained from toluene 
by means of the reaction made use of for the purpose of con- 
verting benzene into toluene : — 

CgH, < ^^ + CH3I -I- 2 Nil = n-TT. ^ '^^» J. 
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This shows that they are all meOiJ/Uoluenes. There are 
three mono-brom-toluenes, known as ortho-, meta-, and para- 
brom- toluene. For the -preparation of ortho-xjlene, oi-tho- 
brom-toluene is used ; meta-brom -toluene yields meta- xylene, 
and para-brom-toluene yields para-xylene. 

Ortho- and meta-xylene have also been obtained from certain 
acids, which bear to them the same relation that benzoic acid 
bears to benzene i — 

fCHj 

C«Ha] CHs = CeH^(CH3), + COj. 
ICOjH 

The reaction by which meta-xylene Is formed from mesitylenic 
acid is of special importance, as will be pointed out. 

By oxidation, the xylenes undergo changes like that which 
is illustrated in the formation of benzoic acid from toluene, 
consisting in the transformation of methyl into carboxyl. 
The first change gives acids of the formula C6Hi< ' , one 
corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into dibasic acids of the 
formula C(Hi< ' Thus, we have the three reactions, all 
of the same kind: — 

(1) C«H,.CH, +30 = CbHs.C0sH + H,0; 



known as ortlio-toluic, meta-ioluic, and para-toluic acids re- 
spectively; and the three dibasic acids obtained from them 
are known as ortlio-phlhalic, metorphthalic, and para-phthalie 
acids. Starting thus with the three brom-tolueues, we get, 
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first, three zjlenes, then thi'ee toluic acids, and finally three 
pbthalic acids. In each case, we distinguish between the 
three isomeric compounds by the prefixes ortko, meta, and 
para. In a similar way, all di-substitntion products of ben- 
zene are designated. We therefore have three series into 
which all di-substitution products of benzene can be arranged; 
and these are knovm as the Ortho-series, the Metorseries, and 
the Para-series. In arranging them in this way, we may 
select any prominent di-substitution product, and call it an 
ortho compound; and then call one of its isomerides a meta 
compound, and the other a para compound. Having thus a 
representative of each of the three classes, the remainder of 
the problem consists in determining for each di-substitution 
product, by means of appropriate reactions, into which one 
of the three representatives it can be transformed. If from 
a given compound we get the representative of the ortho 
series, we cooolude that the compound belongs to the ortho 
series ; if we get the representative of the meta series, we 
conclude that the compound is a meta compound; and if we 
get the representative of the para series, we conclude that 
the compound is a para compound. As representatives, we 
may select either the three xyleues or the three phthalic acids. 
Now, to repeat, any di-substitution product of benzene which 
can be converted into ortho-xylene or into ortho-phthalic acid 
is regarded as an ortho compound, etc. 

This classification of the di-substitution products of benzene 
into the ortho, meta, and para series, by means of chemical 
transformations, is entirely independent of any hypothesis 
regarding the nature of benzene. We may now ask, however, 
which one of the three geTieral expressions given above (see 
formulas I., II., and III., pp. 261, 262) represents the relation 
of the groups in the ortho compounds, which one the relation 
in the meta compounds, and which one the relation in the para 
compounds. If we can answer these questions for any three 
isomeric di-snbstitution products, the answer for the rest will 
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follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes. We have three xylenes and 
three formulas: How can we determine which particular for- 
mula to assign to each xylene? 

As may be imagined, this determination is by no means a 
simple matter; and it has been the occasion of a great many 
investigations. Theoretically, the simplest method available 
consists in carefully studying the substitution-products of each 
xylene, to discover how many varieties of mono^substitution 
products can be obtained from each. The formulas are : — 



CHj CHs CHj 

c/ ^n PTT MiTrr/ ^rTTC1^ fA\'ar^ 



(4)HC^ ^C.CH, (4)HC^ ^CH(l) (4)HC^ ^CH(l) 
(3)HC^ /'^H(l) (3)HC^ /CCHg (3)HC^ /CH(2) 

(2) (?) ^H' 

Fonaula I. FarmuJi II. FDrmula III. 

Each of the four benzene hydrogens of the xylene of for- 
mula III. bears the same relation to the molecule. It there- 
fore should make no difference which one is replaced, the 
product ought to be the same. This is not true of the xylenes 
represented by formulas I. and II. That xylene, whose struc- 
ture is represented by formula III,, ought therefore to yield 
but one kind of mono-substitution product. On studying the 
xylenes, we find the one which boils at 136° to 137°, called 
pararxylene, yields but one kind of mono-substitution products ; 
that is, we can get from it only one mono-brom-xylene; only 
one mono-nitro-xylene, etc. We therefore conclude that para- 
xylene is represented by formula III. above ; and, further, that 
formula III., on p. 262, is the general expression for all para 
compoands. 

Examining formula I. in the same way, we see that H (1) 
and H (4) bear the same relation to the molecule ;■ and that 
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H (3) and H (2) also bear the same relation to the molecule, 
though different from that of H (1) and H (4). Two chlor- 
xylenes of the formulas 

CH, CH, 

I I and I I 

HO. /CCI HC. ,CH 

H CI 

ought to be obtainable from the xylene of formula I. 

In the same way three mono-substitution products should be 
obtainable from the xylene of formula II. The method, the 
principle of which is thus indicated briefly, while theoretically 
simple enough, is very difficult in its application, except in the 
case of the para compounds. Other methods have therefore 
been used, and these will be discussed under mesitylene and 
naphthalene. It may be said, in anticipation, that the result 
.of all observations point to formula I. for ortho-xylene, to 
formula II. for meta-xylene, and to formula III. for para- 
xylene. 

Bthyl-benzene, C,HK,(OaHs.CiH,). — This hydrocarbon is 
isomeric with the xylenes, but differs from them in that it con- 
tains an ethyl group in the place of one hydrogen of benzene, 
instead of two methyl groups in the place of two hydrogens of 
benzene. It is made by treating a mixture of bronj-benzene 
and ethyl bromide with sodium ; — 

CsHjBr -J- CHjBr -|- 2 Ka = C«Hj . CsH, -|- 2 KaBr. 

Its conduct toward oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as toluene does. In this 
case, as in that of toluene, the paraffin radical is oxidized to car- 
boxyl. It has been found that no matter what this radical 
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is, it is oxidized to carboxyl, carbou dioxide, and water. 
Thus, the conversions indicated below take place: — 
CflHj.OHs gives C»Hs.COsH. 

C,H,.CsH, " C„H,.CO,H. 
CsHj.CjHi, " C«H,.CO,H. 



C.H,< 



CH, „ „„.CO,H, 
0.H, °*<CO,H' ' 



Mesitylene, CoHisCOjHjCCHa)^]. — Mesitylene is contained 
in small quantity in light oil, and can be obtained in pure con- 
dition from this source. It is most readily prepared by treating 
acetone with sulphuric acid : — 

3 CsHgO = CjHu + 3 HjO. 

It can also be made by treating methyl-acetylene, CH^.C = CH, 

with sulphuric acid, the action in this case being perfectly 

analogous to the polymerization of acetylene : — 

3CHiCH = GeH6; 

3 CHa. C; CH = CBH3{CHa)a. 

It is a liquid resembling the lower members of the series in its 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents shows that it is a trl- 
methyl-bemene. When boiled with dilute nitric acid, it yields 
mesitt/lenic acid, CeHmOj and uvitic acid, CsHjOj; and, by 
further oxidation, trimesilic acid, C»HoOb, is formed. By dis- 
tillation with lime, mesitylenic acid yields meta-xylene and 
carbon dioxide ; uvitic acid yields toluene and carbon dioxide ; 
and trimesitiG acid yields benzene and carbon dioxide. The 
formation and decomposition of the acids may be i-epresented 
by the equations following ; — 

D,a,l,zc.bvG00gIe 



MESITYLENB 

(OH, 
C,H,(CH,), +30 = C,HJCH, + H,0i 
. M6.m™« ( CO5H 

McsltyLealc acid 
( CH, ( CH, 

CgHaJcH, +30=C4H3]c03H + HjO; 
( CO,H ( CO,H 

UesityleDlcsQhl LTvlticacId 

I CH, ( CO,H 

C,H, J CO,H + 3 O - C,H, ] CO,H + H,0 i 



(CO,H 


(.CO,H 


UvltfCMid 




(CH, 




CH.JCH, 
(CO,H 


'"■"'i?,!.™*' 


MeeHjIenk scld 




(CH, 




C,H,-^CO,H 


= CJT,.CH3 + 2COaj 


(CO,H 


Toiuene 


DilUc ucid 




(CO,H 




C,H, ] CO,H 


= CaHa + 3 CO^ 


IC0,H 


•*"'«"' 



These transformations show clearly that mesitylene is tri- 
m ethyl-benzene, but they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation is based 
upon the fact that mesitylene is formed from acetone. It 
appears probable that each of the three molecules of acetone 
taking part in the reaction, 

3 C^HsO - C^Hij + 3 HjO, 
undergoes the same change. As the product contains three 
methyl groups, the simplest assumption that can be made is 
that each acetone molecule gives up water as represented thus: — 
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CHj- C0-CH3 = CH,-C = CH + H,0. 

We thus have three molecules of methyl acetylene, 
CHj — C = CH, and these unite to form trimethylbeDzene. 
The only way in which the union can be represented, assuming 
that all three act in the same way, is this : — 

CH, 

/^^ 
HC/ ^CH 

11 I 

HjC.C, /^C.CHa 

H 

According to this reasoning, mesitylene is a symmetrical com- 
Tjound, — that is to say, each of the three methyl groups bears 
the same relation to the molecule ; and the same is true of each 
of the three benzene-hydrogen atoms. 

This view has been tested by replacing the three hydrogen 
atoms of the benzene residue successively by bromine ; and it . 
has been found to be con-eet, as but one mono-bromine substi- 
tution-product of mesitylene has ever been obtained. ' Accept- 
ing the formula above given for mesitylene, an important 
conclusion follows regarding the strvicture of meta-xylene. For 
we have seen that, by oxidizing mesitylene, we get, as the first 
product, mesitylenic acid, ^ which is mesitylene, one of whose 
methyls has been converted into carboxyl. As all the methyl 
groups bear the same relation to the molecule, it makes no 
difference which one is oxidized. The acid has the formula 

CHj 

Hc/ V;h 

I I 

CO,H.C. X.CHa 
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Now, by distilling this acid with lime, carbon dioxide is given 
off, and meta-xylene is produced. 

As the change consists in removii^ the carboxyl, and re- 
placing it by hydrogen, it follows that metarzylene must be 
represented by the formula 

I I 

HC. .C.CHg 

H 

and consequently that, in all meta compounds, the two substi- 
tuting atoms or groups bear to each other the relation which 
the two methyl groups bear to each other in this formula for 
meta-xylene. 

Paeudocumene, C^,g[0,H,(CHj)j]. — This hydrocarbon, 
which is isomeric with mesitylene, occurs in coal-tar oil, from 
which it can be made in pure condition. Its properties are 
similar to those of the tower members of the series. It boils 
at 169.8°. 

Pseudocumene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from hrom-meta-xylene and 
methyl iodide. How this is possible, will he understood by an 
examination of the formulas below : — 



CH, CU, 



c/'Xc 



CH» 
Bran-iKn-jqrlMi* 



HC, ,C.CH, 
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Replacing the bromine by methyl, in either of the compounds 
represented, the product would have the formula 



HC/ \CH 



which is that of pseudocumene, 

Cymene, -,„ _ (cH<^^A — 

Para-methyl-i80prop7l-benzene, / '" 'A *^* OJB,}' 
This hydrocarbon is of special importance and interest, on 
account of ita close connection with two well-known groups of 
natural substances, — the groups of frhich camphor and oil of 
turpentine are the best-known representatives. It occurs in 
the oil of caraway and the oil of thyme. The terpenes are 
hydrocarbons of the formula CmHi^ of which oil of turpentine 
is the best known. This substance easily gives up two hydro- 
gen atoms and yields cymene when heated with iodine. Proba- 
bly the simplest way to prepare cymene is to treat camphor 
with phosphorus pentasulphide, zinc chloride, or phosphorus 
pentoside. 

It is a liquid of a pleasant odor. It boils. at 175°. 

It has been made synthetically from para-brom-toluene and 
1 bromide : — 

which clearly shows its relation to benzene. As the final 

product of its oxidation, it yields para-phthalic (terephthalic) 

acid : — 

1-1 Tr - CHj . ,, .1 , COjH 
CgH( < p „ gives CbH, <f. 



CgH, < ^"^ + CHjBr + 2 Na = CeH, < ^"^ -f- 2 HaBr, 



e270. 
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HEXAHYDRO BENZENES, NaPHTHENES 

Caucasian petroleum consists principally of a mixture of 
hydrocarbons that have been found to be hydrogen addition- 
products of raembera of the benzene series. They are oils that 
can be converted into members of the benzene series by passiug 
thera through tubes heated to a red heat. They do not react 
with concentrated nitric or sulphuric acid, and in this respect 
they differ markedly from the benzene hydrocarbons. They 
are called napkthenes. 

Hexamethylene, hezanaphthene, CHj< ' _--'>CH,. 

— This is found not only in Caucasian petroleum but in the 
petroleum from" other sources. American petroleum contains 
it in small quantity. It can be made artificially by reducing 

iodo-cyclohexaue, IHC<p„^' „'>CHj. -It is formed by 

reducing benzene with hydrogen in the presence of hot, finely 
divided nickel. The product formed when benzene is treated 
with concentrated bydriodic acid ia methyl-pentam ethylene, 
,CH5.CH, 



\C] 



Other hydroearbona of this series are kexaliydrotoluene or 
lieptanapMhene, CHa.CH<p„"' _ '>CHj, hexahydroxylene 
or octonaphthene, (CH3)jC6H,i„ etc. 

TETRAHYDROBENZENES 

The simplest hydrocarbon of this group is tetrahydroienzene, 
CH^.CHj.CH 

I II . It ia formed from brom-cyclohexane by elim- 

CHj.CH^.CH 
inating hydrobromie acid, 

Tetrahrdrotoluene, CH,. CgHg, is contained in the essence 
of resin. 
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Hydrocarbons, OmH,;- — There are several hydrocarbons 
of the formula CioHig known that belong to the series of tetra- 
hydrobenzenes. Among them the following may be men- 
tioned: — 

Hydrocamphene. — This is obtained, together with cam- 
phene, from oil of turpentine by treating the hydrochloride of 

oil of turpentine with sodium. 

Menthene. CHj. CH<^^'"^^5;C.CsHr.— This is formed 

from menthol, doHaiO, by treating it with sulphuric acid, 
phosphorus pentoside, or anhydrous copper sulphate. 



A number of the members of this group hare been made, as, 
for example, dihydrobenzene, C«Hg, dihydrotoluene, C,Hi^ di- 
hydroxylenes, CgH,j, etc. 

Dihydro-o-xyleney or cantkarene, (CHj)^«He, is formed by 
heating cantharic acid, CuHuO^, with lime. 
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CHAPTER XV 

DERIVATIVES OF THE H7DK0CARB0NS, CH^-t, 
OF THE BENZENE SERIES 

Becallinq what has been learned under the head of De- 
rivatives of the Paraffins, we should naturally look for repre- 
sentatives of all the classes of compounds there met with. 
The derivatives of the paraffins were classified as: — 

1. Halogen derivatives. 

2. Oxygen derivatives, including the Alcohols, Aldehydes, 

Acids, etc. 

3. Sulphur derivatives, including the Mercaptans, Sulphonio 

Acids, etc. 

4. Nitrogen I>erivatives, including Cyanides, Amines, Nitrd 

compounds, etc 
B. Iifetallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of treatment 
will be somewhat more convenient, owing to many points of 
analogy between the halogen substitution-products, the nitro 
compounds, and the sulphonio acids. All these three classes 
of derivatives of the benzene hydrocarbons are made by direct 
treatment of the hydrocarbons with the substituting agents, 
and in some respects resemble one another, so that they will 
be studied in connection. As the amino derivatives of this 
series are made almost exclusively from nitro compounds by 
reduction, they will be taken up in connection with the nitro 
compounds; and, further, by treatment of the amino com- 
pounds with nitrous acid, a new class of nitrogen derivatives, 
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known as diazo compounds, not commonly met with in connec- 
tion with the paraffins, is formed. These will he taken up 
after the amino compounds. 

After these classes have been studied, the oxygen derivatives, 
which include the phenols or simple hydroxyl derivatives of 
the hydrocarbons, the alcohols, aldehydes, acids, and ketones 
will be taken up in turn ; and, finally, the hydroxy-acida, which 
are strictly analogous to the hydroxy-a«ids of the paraffin series. 

There are thus the following classes: — 

1. Halogen derivatives. 5. Sulphonic acids. 9. Acids. 

2. Nltro compounds. 6. Phenols. 10, Ketones (^xaA 

3. Amino compounds. 7. Alcohols. Quinones). 

4. Diazo compounds. 8. Aldehydes. 11. Hydroxy-acids. 

The relations of most of these classes to the hydrocarbons 
are the same as those of the corresponding derivatives of the 
paraffin series to the paraffins ; and the general methods of 
preparation, as well as the reactions, are the same. Hence, 
.most of the knowledge acquired in the first part of the course 
may be applied to the series now under consideration. 

An enormous number of derivatives of the benzene hydro- 
carbons have been prepared and studied, but only very few 
need to be studied in order to make the chemistry of all of 
them clear. In the following a few of the more important 
representatives of each class will be presented, mainly with 
the object of illustrating general facta and general relations. 

Halogen Derivatives of Benzene 
Very little need be said in regard to these derivatives. By 
direct action of bromine or chlorine upon benzene the hydrogen 
atoms are replaced one after another, until, as the fiual products, 
kexa-chlor-bentene, Cfil^ and hexa-brom-benzene, CoBra, are ob- 
tained, \Vhen the action takes place in direct sunlight, 
addition-products, CgHsCla and CaH,Br« are formed. Benzene 
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hexachloride, CjHoCla, is formed also when chlorine is con- 
ducted into boiling benzene. The addition-products are decom- 
posed, yielding tri-substitution products of benzene and halogen 
acid: — 

CsHflBrj = CsH^Bfj -|- 3 HBr. 
The substitution- products are very stable. They are, as a 
rule, formed more easily than the halogen derivatives of the 
paraffins, and, as a rule, they do not give up the halogens as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hydroxyl, the amino group, ■ 
etc., these replacements cannot easily be effected in the benzene 
derivatives. The halogens can be removed by sodium, aa 
shown in the synthesis of hydrocarbons : — 

C,HiBr + CHjI + 2 Na = CaHj . CHj + NaBr + Nal, etc. 
They can also be removed by nascent hydrogen, the hydrocar- 
bons being regenerated : — 

CjH^Cli -I- 4 H = C«Ha + 2 HCl. 
This kind of reverse substitution is easily effected by means of 
aJcohol and metallic sodium. 

Ohlor-benzene, CeEsOl. — Chlor-benzene can be made by 
treating benzene with chlorine, but the action is slow. The 
action is much hastened by adding a little iodine or ferric 
chloride. These substances act as carriers, and are found prac- 
tically unchanged at the end of the operation. Chlor-benzene 
can also be made by boiling a diazonium salt (which see) with 
hydrochloric acid : — 

CeH,N,01 -f- HCl = C„H.C1 4- N, -I- HCl. 

Brom-benzene, CoHsBr. — This is made by the same meth- 
ods as those used in making chlor-benzene. 

When brom-benzene in solution in ether is treated with mag- 
nesium powder, it forms a compound of the formula CjHjMgBr 
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(see Grignard's reactions, p. 106). This reacts with methyl 
Im)mide to form methyl-henzena or toluene, thus : — 
CgH,MgBr 4- BrCH, = CaH,.CH, + MgErj. 

lodo-benzene, O^HiI. — This can be made by treating ben- 
zene with iodiBe and iodic acid : — 

fi CgHj + 41 + HlOa = 5 C«H,I + 3 H,0 ; 

but it is most easily made through the diazonium salt. It is a 
liquid that solidifies at — 30°. 

Phenyliodoao chloride, GgHsICli — This compound is 
formed when iodo-benzeue in chloroform solution is treated with 
chlorine. When it is treated with caustic potash, it is converted 
into iodoso-benzene, C.HelO. This has basic properties, and 
forms salts that are derived from the hypothetical base, 
C«HjI(OH)fc as, for example, CsH(l(O.CO.CH,),. 

lodozy-benzene, OgHiIOj, is formed from iodoso-benzene, 
either by heating it alone or by boiling its water solution : — 
2 CH.IO = C,H.I + GaHjIOp 

Diphenyliodonium hydroxide, CCjHi)2l.OH — This re- 
markable substance is formed when a mixture of iodoso- and 
iodoxy-benzene is shaken with silver oxide and water : — 

CeH^O -1- C.H,IOi -I- AgOH = (CeH,), I . OH + AglO,. 

It is strongly alkaline and forms salts that have' many points 
of resemblance with the salts of thallium. 

Diphenyliodonium hydroxide may be regarded as the di- 
phenyl derivative of a hypothetical base, iodonium hydroxide, 
Hil(OH), that bears to iodine a relation similar to that which 
ammonium hydroxide bears to nitrogen. Compounds of the 
same order are known in which sulphur plays the same part 
that iodine plays in the iodonium compounds, and nitrogen in 
the ammonium compounds. 
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Dibrom-benzene, G,H,Bt2, is one of the products of the di- 
rect treatment of benzene with bromine in the presence of a car- 
rier. This beiug a di-substitution product of benzene, it follows, 
from what has been said in regard to isomerism in this series 
of hydrocarbons, that three isomeric varieties of the substance 
ought to be obtainable ; and the interesting question suggests 
itself: Which one of the three possible dibrom-benzenes is formed 
by direct treatment of benzene with bromine ? The answer to 
the question is equally interesting. The main product of the 
action is paro-dibrom-benzene, while there is always formed in 
much smaller quantity some of the ortho product. The reason 
why these products are formed, and not the meta compound, is 
unknown ; nor has any plausible hypothesis been suggested to 
account for the fact. 

In studying the substitution-products of benzene, one of the 
first problems that presents itself is the determination of the 
relations which the substituting atoms or groups bear to each 
other. The determination is made, as has been stated, by 
transforming the compounds into others, the relations of whose 
groups are known. Thus, to illustrate, when benzene is treated 
under the proper conditions with bromine, two dibrom-ben zones 
are formed. Without investigation, we, of course, cannot tell 
to which series these compounds belong. But, by treating 
that product which is formed in larger quantity with methyl 
iodide and sodium, we get a jiara-xylene. In other words, by 
replacing the two bromine atoms of the dibrom-benzene by 
methyl groups, we get a compound which we know belongs 
to the para series ; and, therefore, we have determined that 
the bromine product is a pnra compound. In the following the 
chief reactions made use of for effecting the transformations 
of the derivatives will be discussed. 

Halogen Dekivatives of Toluene 

As toluene is made up of a residue of marsh gas, methyl, 

CH^ and a residue of benzene, phenyl, C^^, it yields two 
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classes of substitution-products: (1) Those in which the aub. 
stitnting atom or group replaces one or more hydrogen atoms 
of the phenyl group ; and (2) those in which the substitution 
takes place in the methyl. In general, when treated with 
chlorine or bromine in direct sunlight, or at the boiling tem- 
perature, toluene yields products of the second class ; while, 
when treated in the dai'k, or at ordinary temperatures, in the 
presence of iodine or some other carrier (see page 279), it yields 
products of the first class. Thus, we have the two parallel 
■aeries of chlorine derivatives : — ' 

I II 

CHjCLCHj. C8H,.CH,C1. 

CH^Clj-CH,. CeH,.CHCli^ 

CHjCIs-CHa. CeH,.CCl,. 

When a member of the first class is oxidized, the methyl is 
changed, and the rest of the compound remains unchanged, 
as in the case of toluene. Thus, the first substance of class I. 
yields the product QHiCLCO^H; the second, C^aClj.COjH, 
etc. These products are substituted benzoic acids. On the 
other hand, all the members of the second class yield the same 
product that toluene does ; viz., benzoic acid. Hence, by treat- 
ment with oxidizing agents, it is easy to distinguish between 
the members of the two classes. Fuither, the halogen atoms 
contained in the methyl react like the halogen atoms in paraffin 
derivatives, while those in the benzene ring do not. When, for 
example, the compound CeHj.CHClj, which is called henxal 
(Jiloride, is superheated with water, both chlorine atoms are 
replaced by oxygen, the product being the aldehyde CbHj.CHO, 
which, as we shall see, is the familiar substance, oil of bit- 
ter abnonds. When, however, the isomeric di-cMor-toluene, 
C^HijCl^Cli^ is superheated with water, no change takes 
place. 

Regarding those simple substitution -products of toluene 
which contain one halogen atom in the phenyl, such as mono- 
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brom-toluene, CgHiBr.CHj, we see that they are di-substi- 
tution products of benzene, and hence capable of existing in 
three isomeric varieties, ortho, meta, and para. The prod- 
ucts formed by direct treatment of toluene with chlorine or 
bromine are mixtures of the para and the ortho com- 
pounds. 

The determination of the series to which one of these products 
belongs can be made by replacing the halogen by methyl, and 
thus getting the corresponding xylene. The main product of 
the action of bromine on toluene is thus converted into para-. 
xylene, and is therefore para-brom-toluene. 

Halogen Derivatives of the Higher Membebs of 
THE Benzene Series 

Concerning the halogen derivatives of xylene, it need only be 
said that the only one of the three xylenes from which purci 
products can easily be obtained is para-xylene. When this is 
treated with bromine, it yields but one mono-brom-xyl n The 
significance of this fact has been discussed above. Th no- 

substitution products obtained from the other xj 1 a e 

mixtures which it is very difficult, and in some ca nj 
sible, to separate into their constituents. Mesitjl n a i 
pseudocumene, though both are tri- methyl-benzenes ond t 
themselves quite difEereutly towards bromine, — the f o n e 
yielding only one mono-bromine product ; the latter a ni xtu e 
of several. 

NiTRO Compounds of Benzene and Toluene 

In speaking of nitro compounds in connection with the paraf- 
fin derivatives (see p. 101),it was stated that they are obtained 
much more readily from the benzene hydrocarbons than from 
the paraffins. Only a few nitro derivatives of the paraffins are 
known. As, will be remembered, they cannot be prepared by 
treating the pai'afRns with nitric acid, but must be made by 
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circuitous methods, the principal one being the treatment of 

the halogen derivatives with silver nitrite : — 

CjHjBr + AgNOj = CiH.(NO,) + AgBr. 



The preparation of a nitro derivative of a hydrocarbon of 
the benzeae series is a simple matter. It is only necessary to 
bring the hydrocarbon in contact with strong nitric acid, when 
reaction takes place, and one or more hydrogen atoms of the 
hydrocarbon are replaced by the nitro group NOi, as repre- 
sented in the equations : — 

C,H, + HNO = C,H, . NO, + H^O ; 

C^.NOj + HNO, = C,H,(NO,), +H,Oi 

CHj . CH, + HNO3 = CH^ < ^2* + Hj*^ : 
C^4 < CH* + ^^^^ = ^'^^ < CH*'" + "'0- 

The nitro compounds thus obtained are not acids, nor are 
they esters of nitrous acid. If they were esters of nitrous 
acid, they would be saponified by caustic alkalies, yielding a 
nitrite and hydroxyl derivative similar to the alcohols. They 
do not act in this way. When treated with nascent hydri^en, 
they are reduced to amino compounds or substituted ammonias. 
Thus, nitro-benzene, CgHj . NOo, gives aniline or ami no-benzene, 
CaHj . NH(, which is a substituted ammonia similar to methyl- 
amine and ethyl-amine. As in these the radical is in coin- 
hination with nitrogen, it is probable that the radical is in 
combination with nitrogen in the nitro compounds also, as 
shown in the formula, CgHj.NOp Everything known about 
these nitro compounds ja in harmony with this view. The 
formation of a nitro compound by the action of nitric acid on 
a hydrocarbon is represented thus : — 

CsH,H + HO . NO, = CeH, . NO, + HjO. 
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Mono-nitro-benzene, OiHe . NOs. — This substance is made 
by treating benzene vrith fuming nitric acid, or witii a mixture 
of ordinary concentrated nitric and sulphuric acids. In the 
latter case, the sulphuric acid facilitates the reaction, probably 
by preventing the dilution of the nitric acid by the water 
<l formed. 



EKp«rlment 57. Make a. mixture of ISO"' ordinary coDceDtrated 
sulphuric acid, and 75" ordinar; concentrated nitric acid. Let it cool to 
tbe room temperature. Put tbe vessel containing it in water, and add 
about 16" to 20'™ benzene, a few drops at a time, waiting each time until 
tbe reaction la complete. Shake well until the benzene is dissolved, then 
pout bIowI; into about a litre of cold water. A yellow oil will sink to the 
bottom. This la nitro-benzene. Pour ofi the acid and water ; wash two 
or three times with water ; separate the water by means of a pipette, and 
dry by adding a little granulated calcium chloride. After standing for 
some time, pour oS from the calcium chloride, and distil from a proper 
sUed distilling-bulb, noting the boiling temperature. 

Kitro-benzene is a liquid that boils at 209°, melts at 6°, and 
has the specific gravity 1.2. Its odor is like that of the oil of 
bitter almonds, and it is hence used in many cases instead of 
the latter. It is known aa the essence ofmirbane. It is manu- 
factured on the large scale, and used principally in the prepar 
ration of aniline. Its vapor is poisonous, 

Dinitro-benzene, OeH,(NOa)i — This is a product of the 

further action of nitric acid on benzene, or on nitro-benzene. 

Experiment 5S. Make a mixture of 50°° concentrated sulphurio 
aeid, and 50" fuming nitrio acid. Without cooling add very slowly about 
10" benzene from a pipette with a fine opening. After the action is 
over, boil the mixture for a short time ; then pour into about half a litre 
of water. Filter off the solid substance thus precipitated, press it between 
layers of filler-paper, and crystallize from alcohol. 

Dinitro-benzene crystallizes in long, fine needles, or thin, 
rhombic plates. Melting-point, 90°. 

By means of two reactions, which will be described under 
the head of Diazo Compounds, it is a simple matter to replace 
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the two nitro groups by bromine, thus converting dinitro-ben- 
zene into dibrom-benzene. When the latter is converted into 
xylene, the product is meta-xylene. Hence, ordinary dinitro- 
benzene is a meta compound. 

Nitro-toluenes. CsH.CNOj) .CHj — AVhen toluene is treated 
with nitric acid, substitution always takes place in the phenyl. 
When the acid is strong and the temperature high, the principal 
part of the product is the para compound. When the acid is 
weaker and the temperature low, the orlho compound pre- 
dominates. 

Note for Student. —What mono-bromine productH are formed by 
direct treatment of toluene with liromioe ? Given a roono-nitro- toluene, 
how is it possible to determine whether it belongs to the ortho, Ihe meta, 
or the para series ? 

By treatment with nascent hydrogen, the nitro-toluenes are 
converted iuto the corresponding amino compounds, called 
Toluidines (which see). 

Amino Compounds of Bknzene, etc. 
The amino derivatives of the paraffins are made, for the most 
part, by treating the halogen derivatives with aiuinoiiia : — 

QHjBr + NHa = C,Hs . NH, + HBr. 
In speaking of these derivatives, however, attention was called 
to the fact that they can also be made by treating nitro com- 
pounds with nascent hydrogen. The latter method is one of 
great importance in the benzene series. It is used exclusively 
in the prepai'atiou of the amino derivatives of tlie benzene 
hydrocarbons. Several of these derivatives are well known, 
the simplest and best known being amino-betizeiie or aniline. 

Aniline, CjHjNCOjHi-NHa) — Aniline was first obtained 
from indigo by distillation. Anil ia the Portuguese and French 
name of the indigo plant, and it ia from this that the name 
aniline is derived. Aniline is found in coal tar and in bone oil, 
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a product of the distillation of bones. It is prepared by re- 
ducing nitvo-beuzene with nasceut hydrogen. On the large 
scale the hydrogen is obtained fi-om hydrochloric acid and iron. 
Only a small quantity of hydrochloric is required. After the 
i-eaction has started, the iron acts upon the water in the presence 
of ferrous chloride, yielding bydrogen and ferric hydroxide: — 

CH^Oj + 2 Fe + 4 H,0 = CjHjNHj + 2 Fe(OH)j. 

For laboratory purposes tin and hydrochloric acid are perhaps 
best. Other reducing agents, such as an auiraoniacal solution 
of ammonium sulphide, hydriodic acid, etc., also effect the 
change, which is represented by the following equation : — 

C,Hs ..NOj + C H = CgHj . NHj + 2 HjO. 

Bxpeiiment 69. Arrange a ILtre flask with a stopper and a straight 
glass tube from two to lliree feet long. Put in the flask 85< granulated 
tin and about 400! ordinary concentrated hydrochloric acid. Now add 
sloiBly 5CK nitro- benzene. After the action is over, add enough water to 
dissolve the contents of the Sask, then add sodium hydroxide until the 
precipitate first formed is nearly all dissolved. Distil, when aniline and 
wat«r will pass over. Separate by weans of a separating funnel. 

Aniline is a colorless liquid that soon becomes colored in 
the air. It boils at 182,5°. It solidifies at a low temperature 
and melts at — 8° ; it is easily soluble in alcohol, but slightly 
soluble in water. The solution in water has only a slight alka- 
line reaction. Aniline ia poisonous. Its salts with strong 
acids have an acid reaction. 

Experiment 60. To an aqueous solution of a little of the aniline 
obtained in ICxp. 69, In a test-tube, add a. filtered solution of bleaching 
powder (calcium hypochlorite). A beautiful violet color is produced. 

To a solution of aniline in concentrated sulphuric acid add a small 
grain of potassium bicliromate. A blue color is produced. 

Aniline bears to benzene the saine relation that ethyl-amine 
or amino-ethane bears to ethane. It is a substituted ammonia, 
and, like other bodies of the same class, it unites directly with 
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acids, forming salts. Thus, with hydrochloric, nitric, and sul- 
phuric acids the action takes place as represented below: — 
CgH,.NHs-|-HCl =(C,H,.NH,)C1; 
CjHs . NHi + HNO, = (CflH, . NHa)N03 ; 
CgHj.NH,-t-H,S0j=CeHj.NHaHS04. 
The hydrochloride is known in the trade as aniline salt. 
The decomposition of aniline hydrochloride by means of 
a caustic alkali takes place as represented in the following 
equation : — 

C«H,. NH,CI + KOH = C,H, . NH, + HjO + KCl. 

Derivatives of Aniline. — Aniline is much more sensitive 
to the action of reagents then benzene or its halogen or nitro 
derivatives. Substitution takes place easily, but there is danger 
that the aniline will be decomposed by the substituting agent. 
Among the substitution-products that find extensive applica- 
tion is one of the sulphonic acids. 

Dimethyl-aniline, OaHsNCCHj)^. — When aniline is treated 
with methyl bromide and similar halogen derivatives of the 
paraffins, residues of the paraffins are introduced into the 
aniline in place of the ammonia hydrogen atoms : — 

C,H,. NHj -I- CHjBr = (C^H^. NHCH,) . HBr ; 
C,Hs .NHi -I- 2 CH,Br = [C,H, . N(CH3) J . HBr -h HBr. 
Of the compounds obtainable by this method, dimethyl-aniline 
is the most important from the technical point of view. It is 
prepared by a modification of the above method — by heating 
aniline with hydrochloric or sulphuric acid and methyl alcohol 
in a closed vessel : — 

C,H, . NHj. HCH- CH3OH = C(H.. NH, -t- CHjCl -f- H^ i 
CgHj . NHj + CH3CI = C(H, .NH{CH3). HCl ; 
CbH,.NH(CH3).HC1 -I- CH3OH = CeH,.N(CH3),.HCl -HHA 
It is a liquid that boils at 192°, and solidifies at 0.5°. 
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Diphenylamine, (CaHjJiNH. — This is another example 
of the possibilities presented by aniline. As will be seen, 
diphenylamine is formed from aniline by the introduction of a 
phenyl group, CgHj, for one of the ammonia hydrogen atoms. 
It is prepared on the large scale, and finds extensive use in 
the manufacture of dyes. The reaction made use of consists 
in heating aniline with aniline hydrochloride at 200°; — 

CflH5.NHj + C(Hj.NHj.HCl = CsHj.NH.C»H, + NH4CI. 
It is a solid that crystallizes in white laminae from ligroin. 
It melts at 54° and boils at 302°. It forms salts with strong 
acids, but these are decomposed by water. 

Aeetanilide, CsH^.NH-COOHa. — Aniline reacts with acid 

chlorides as ammonia does. While ammonia forms amides, 
aniline forms artilidea. Thus, with acetyl chloride, ammonia 
gives acetamide, and aniline gives acetanilide: — 

CHj. COCl + NHj = CHj. CONHj + HCI ; 

CHa.C001 + KH,.CaH,=CH3.C0.NH.C,H, + HCl. 
Acetanilide is more easily prepared by boiling aniline with 
glacial acetic acid for 24 hours : — 

CHa.COOH + NH,.CsHi=CH5.CO.NH.CaH, + HjO. 
Acetanilide crystallizes from water in large, colorless plates. 
It melts at 115° and boils at 304°. It is used in medicine 
under the name aiitifebrine. 



of which there are three corresponding to the three nitro- 
toluenes, are made from the latter in the same way that aniline 
ia made from nitro-benzene. Aa jiararttitro-toluene is the best 
known of the three nitro-toluenes, so para'toluidine is the best 
known of the three toluidines. 

The properties of the toluidines are much like those of 
aniline. 
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Treated with various oxidizing agents, a mixture of aniline 
and the toluidines is converted into a compound known aa 
roaaniline. This is the mother substance of the large gronp 
of compounds known as tlie aniline dyea. Roaaniline and ita 
derivatives, the aniline dyes, will be treated under Tri-jthenyl- 
methane (which see), 

Hitrous acid converts the salts of the toluidines into diazo- 
nium compounds analogous to those formed from aniline salts 
(see Diazo Compounds). 

The xylidines bear to the three xylenes the same relation 
that aniline beavs bo benzene. It is not a simple matter to get 
any one of them in pure condition. 

A Diazo Compounds of Eekzene, etc. 
The usual action of nitrous acid on amino compounds is 
represented by the equation, — 

E.NHj + HNOs = E..OHH-HjO + Na. 
When an amino derivative of a hydrocarbon of the benzene 
series is treated with nitrous acid at low temperatures, a prod- 
uct is obtained which contains two nitrogen atoms, and which 
is, therefore, called a diazo compound. Thus, in the case of 
aniline sulphate, the action is represented by the equation, — 



So, also, with the nitrate we have, — 

2H,0. 

The salts thus formed are called diazonium salts for reasons 
which will presently be given. The method here given for 
the preparation of benzene-diazonium nitrate is not the one in 
common use but it is of interest historically as being that used 
by the discoverer. If a solution of the diazonium salt is 
wanted, which is generally the case, the calculated quantity of 
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sodium niti-ite is added in water solution and then the calcu- 
lated quantity of hydrocliloric acid. If the dry diazonium salt 
is wanted the salt to be diazotized may be suspended in glacial 
acetic acid and absolute alcohol and amyl nitrite slowly added. 
Experinieut 61. Artaiigu au apparatiu an ahuwii in Fig. 14. In 
flask A put arsenic Irioxide (about 60"), and through the funnel-tube 
pour 40"' to 50™ ordinary nitric acid (ap.gr, 1.35). B is an empty cylin- 
der MutTouuded by water. C is a wst-tube of about 50'' capacity. In 
it should be brought 10' aniline nitrate, and 12« ice-cold water. ThiH ia 
placed in ice water. Pass a current of the oiidea of nitrogen until the 
material in the tube dissolves. Add to the solution about an equal 
volume of alcohol previously cooled to 0°, and then a little cold ether. 
If the operation has been successful, a copious precipitate of crystals 
of benzene-diasonium nitrate will appear. Filter oS with the aid of a 
Buciion-pump, and, laUhout delag, proceed to study the properties of the 
compound. 

(a) Dissolve a little in water at the ordinary temperature, and allow 
the solution to stand. Decomposition, indicated by change of color, will 
take place. 

(b) Boil a little with water in a test-tube, and notice the odor of 
phenol 01 carbolic acid. 
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(c) Boil a few grama Willi alcohol in a test-tube, and notice the ease 
with which the decomposition talces place. The chief prodact is ethjl- 
phenyl ether or phenetol, CsHj.O. CiHt. 

{d) Boil some with concentrated hydrochloric acid. Chloi-benzene is 
fonned, which siiiks to the bottom when water is added. 

In all these eiperimente a gaa ia evolved which can be shown to be 
nitrogen. Collect some, and show that it does not support combustion. 

(e) Place a very little of the compound, dried hy pressing in fliter- 
paper, on an anvil, and strike it sharply with a hammer. It explodes. 

The above experimeats serve to indicate the instabUity of 
benzeDe-diazonium nitrate. This same instability is character- 
istic of all diazonium salts, and it is the ease with which they 
uadergo a variety of changes that makes them so valuable. 
The principal changes are: — , 

1. That illustrated in Exp. 61 (b), which is brought about 
by boiling with water. The action is represented thus: — 



2, That illustrated in Exp. 61 (c), wHch is eEEected by boil- 
ing with alcohol : — 



In some cases alcohol reacts in another way, thus : — 
ENjCl -I- CiH^OH = EH -+- Nj -I- C,H.O + HCl. 

The result of this is the substitution of hydrogen for the 
diazo group. Sometimes both reactions take place with alcohol. 

3. That effected by hydrochloric acid aa illustrated in Exp. 
61(d);- 

C«H»N,. NOs -I- HCl = CflHjCl + N^ -f-HNOj. 

Mono-chlor-beDZane 

This reaction is much facilitated by cuprous chloride (Sand- 
in eyer's reaction). 
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Benzene-diazonium chloride reacts vitli potassium iodide ay 
shown in the equation: — 

CeHpU jCl + KI = CsHjI + KCI + Nj^ 

Changes similar to the last are effected "by hydrobromic and 
hydriodic acida, the chief products being brom-benzene and 
iodo-benzene respectively. Here also the corresponding cuprous 
salts are of great assistance. 

From the above it follows that, if we have a compound con- 
taining a nitro group, we can, by making the diazonium salt, 
transform it (1) into the corresponding hydroxyl derivative; 
(2) into the eorreaponding chlorine, bromine, or iodine deriva- 
tive; or (3) we can make ethers containing such groups as 
0,HjO, CHjO, etc. These reactions involving the use of the 
diazonium salts have been used very extensively in the inves- 
tigation of the substitution-products of the benzene series. 

Note fob Student. — Horn can the relation ot tbe groups in dinitro- 
benzene be determined by using tlie diazoniuui leactioDs 7 

Constitution of the Salts of Diazo Compounds. — The 
salts formed by the action of nitrous acid on aniline salts are 
salts of a strong base which are to be compared with the alkali 
salts. It has been shown by determinations of the freezing 
point and of the electrical conductivity of the solutions of 
these salts in water that they are broken down into ions in the 
same way as salts of strong baaes. This suggests that they 
are analogous to ammonium salts, and the view that is most 
iu accordance with all the facts is that represented by such 
formulas as the following: — 

C,H,.lf-Cl; C,H,.N~N05; CsHj-N-HSO*. 

Ill 111 III 

If N N . 

As the salts are analogous to ammonium salts, they are called 
ditaonium salts. According to this view they are to be regarded 
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as aniline salts into which a nitrogen atom has been introduced 
in place of three hydrogen atoms: — . 

Cfll^j-N-CI — i~ CeH,-N-Cl; 
III III 

CgH, - N - NOs — *" CsHj - N - NOs- 

III III 

Ha N 

Metallic Derivatives of Diazo-beozene and of Isodiazo- 

benzene. — When a diazonium salt is treated in the cold with 
caustic potash a potassium salt of the formula CbH, . Nj . OK is 
formed. When this is treated with ethyl iodide it gives an 
ether of diazo-benzene, CoH, . N, . OCjHj. The fact that the 
ethyl in this compound is in combination with oxygen is shown 
by the character of the products formed when it is decomposed. 
It does not yield ethylamine as it would if the ethyl were in 
combination with nitrogen. When the above-mentioned potas- 
sium salt is treated with phenols (which see), it reacts with 
them at once, forming azo compounds {which see). 

When the ordinary potassium salt of diazo-benzene is heated 
with concentrated caustic potash at 130°, it is converted 
into the isomeric compound, potassium iso-diaxo-bemene oxide, 
by molecular rearrangement. This does not easily give azo 
compounds with phenols. With ethyl iodide it gives a com- 
pound in which the ethyl is in combination with nitrogen. It 

is a nitroso compound of the formula C^H5,N<^ '. 

The facts above stated suggest that the ordinary or normal 
diazo-benzene potassium has the structure represented by the 
formula CaHj — Nj — OK, and that iso-diazo-benzene potassium 
has the formula CbHj — NK . NO, and that they correspond to 
the two diazo-benzenes : — 

C,Hs . N, . OH : CaH, . NH . NO. 
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It has been suggested that the two potassium salts and 
other similar salts are stereoisomeric, as represented in the 
formulas : — 



KO.N N.OK 

By way of explanation of these formulas, it should be said 
that they involve the conception that the nitrogen atom exerts 
its affinities in the direction of three edges of a tetrahedron, 
thus : — 



When combined with another nitrogen atom by double u 
the figures representing this condition would be ; — 





TZiY 



There are two ways in which the groups or atoms X and Y 
can be arranged in space, or there should be two isomeric forms 
of compounds containing a group of two nitrogen atoms of the 
form — N = N — . 

Further evidence is necessary to determine which of the two 
views presented is correct, 

Diazo-amino Compounds. — When a diazonium salt reacts 
with an amino compound a diaao-amino compound is formed, 
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aa, for example, when benzeae-diazonium chloride acts upon 
aniline : — 

C(H. . N,C1 + NH, . C JI, = C,H,N, . NH . CaH, + HCl. 
As will be seen, the residue of the diazoaium salt takes the place 
of one of the hydrogen atoms of the amino group. Diazo-amino- 
benzene forms golden yellow laminEe or prisms. It is insoluble 
in water, but readily in hot alcohol. When heated with aniline 
hydrochloride it is transformed into amino-aztt-bemene : — 

CbH,.N,.NH.C.H. — *- C^,.Nt.C«H,.NH^ 
Other diazo-amino compounds act in the same way. The 
product formed in the above case is an amino derivative of 
a compound, CgHj . Nj . CjHj, known as azo-bemene. 

Azo-benzene, CgH,.N2-0,H„ is formed by partial reduc- 
tion of nitro-benzene in alkaline solution, as by treating with 
an alcoholic solution of caustic potash. It crystallizes from 
alcohol in orange-red, orthorhombic crystals. Reducing agents 
convert it into hydrasso-benzene, CjH, . NH . NHC(Hj. Azo com- 
pounds are, in general, highly colored, and many of them are 
used as dyes. Those that are useful in this way are deriva- 
tives of the simple azo compounds, especially those containing 
the amino and hydroxy] groups. Some of them will be treated 
of in other connections. 

Hydrazo-benzene, OeHj-NH-NH.CjHi, is formed by re- 
duction of azo-benzene. It is made by reduction of nitro- 
benzene by means of zinc dust in alkaline solution, without 
isolating the azo-benzene which is formed as an intermediate 
product. It forms colorless laminte, is scarcely soluble in 
water, but easily in alcohol and ether. Under the influence 
of mineral acids, hydrazo-benzene is transformed into the iso- 
meric beitzldine, 

C,H,.NH CgH,.IJH, 

C,H,,NH C,H4.NH* 
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BeductioD-products of nitro-benzene. — The final re- 
ductioQ-produut of nitro-benzene is amino-benzeue or aniline, 
but by regulating the conditions, a number of intermediate 
products can be obtained. In addition to those already men- 
tioned there are two others, azoxy-bemene, CbH^ . NjO . C«Hj, and 
phenylrkydi-oxylamine, CjHj. NH{OH). 

The following table will serve to emphasize the relations be- 
tween most of these products : — 

C.H, . NO, CH, . N , CjH, . N CeHj . NH CjH, . NH, 

I >0 II I 

Nltro-beniBBB Aio.j-benioiia Aio-bfnsiene Hjan.™-benitenB Aniline 

These compounds are representatives of classes of similar 
structure and properties. 

Htdkazines 
Hydrazo-benzene is a derivative of hydrazine, NH^ . NHj, and 
may be called symmetrical diphenylhydraziiie in view of the 
fact that the two phenyl groups contained in it are symmetric- 
ally distributed, as shown by the formula, CaHj. NH.NH. CgHj. 
The simplest representative of the class of aromatic hydrazines 
is phenyl hydrazine, CeHj . NH . NHj, a compound which, as has 
been seen, has played an important part in the investigation of 
the sugars. 

Phenylhydrazine, C^H;. NH. NH^. — This is formed by 
the reduction of diazonium salts : — 

C«H, . N,C1 + 4 H = CaH, , NH . NH, . HCl. 

C,H, . NH . NH, . HCl + NaOH = CaH, . NH . NH, + NaCl + 

HjO. 
It is a yellow oil which, when cooled, forms crystals that melt 
at 23°. It boils at 23.1°. It finds extensive applicatiou in 
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the manufacture of anlipyrine, a somewhat complicated com- 
pound much used in medicine. 

Phenylhydrazine ia a monacid base, and forms well-charac- 
terized salts. It reacts with aldehydes and with ketones, form- 
ing phenylhydrazones, and with aldoses and hexoses, forming 
phenyloaazones (see p. 194), 

Methylphenylhydrazine, CHj.NCHj-NHs, 13 made by 
treating methylaniline with nitrous acid and reducing the 
nitroso compound thus formed: — 

_ ^CHj 

H 



-CaH..N<, 



It reacts with ketoses to form osazones, but not with aldoses, 
and, therefore, it can be used to distinguish between these two 
classes of sugars. 

SuLPHONic Acids of Benzene, etc. 

The methods of preparation of the sulphonic acids, and the 

relations of these acids to the hydrocarbons, were pretty fully 

discussed ia connection with the paraffins. Three general 

methods for their preparation were given. These are : — 

1. Oxidation of the mercaptans ; thus, ethyl-sulphonic acid 
is formed by oxidation of etliyl-mercaptan : — 

CaHs . SH -I- 3 = C,Hi . SO3H. 

2. Treatment of a halt^en substitution-pi-oduct with a sul- 

CjHjBr -I- Na^SOj = dH^ . SO^Ka + NaBr. 

3. Treatment of a hydrocarbon with sulphuric acid. This 
method is not applicable to the paraffins, but is the one used 
almost exclusively in the case of the benzene hydrocarbons. 
This reaction is characteristic of the aromatic compounds. 
Benzene-sulphonic acid is formed thus : — 

CaHfl + HjSO, = CbH^. SOaH + HjO. 
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Toluene-siil phonic acid is formed thus : — 

C,H, . CHs + H^SO, = CaH, < g J'jj + HsO. 

The constitution of sulphonic acids is discussed on p. 77. 

nHO >SO,).-Thi. 
acid is made by treating benzene with sulphuric acid. Simi- 
larly, and more easily, toluene-aulphonic acid, C7H, . SOaH, ia 
made from toluene. 

Experiment 62. In a flask biiog together about 50" toluene and 
100^" concentrated sulphuric acid (ordinary). Heat on a water-bath and 
shake until moat of the toluene ia diasolved. Foiu^ the contents of the 
flask into a large evaporating dish oC at least 8' to 10^ capacity, contain- 
ing 41 to 6' water. Heat gently, and add gradually, atirring meanwhile, 
finely-powJered chalk, until the solution haa become neutral. Pass 
through a muslin flICsi attached to a wooden frame, and wash thor- 
oughly with hot water. Afterw'arda refilter the filtrate through a paper 
filter. Evaporate to quite a small volume (aay 600" to 700^'), and filter 
from gypsum. In solution there is now the calcium salt of the Eulphonic 
acid. , Add juat enough of a solution of aodium carbonate to precipitate 
exactly the calcium ; filter off from the calcium carbonate, and evaporate 
to dryness, finally, on the water-bath. To prevent caking it is necessary 
to stir the thick, syrupy mass. When it ia nearly dry, it is beat la 
powder it, and complete the drying at 100° to 120° in an air-bath. The 
sodium salt can be used for a number of experiments. 

E^iperinient 68. In a dry evaporating dish mis thoroughly 20i o( 
sodium toluene-sulphonate with 25s of phosphorus peuta-chloride, by 
means of a dry pestle. The mass becomes semi-liquid and hot, and 
hydrochloric acid ia given off, in consequence of the action of the 
moisture of the air on the chlorides of pliosphorus. Hence, the experi- 
ment should be performed under a hood or out of doors. The reaction 
is represented by the equation, — 

C,H, . SOjONa + FCIs = C,Ht . SOiCI + POCI3 + NaCI. 
After the action is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold water. Everything wilt dissolve 
except the snlphon-chlorlde, CjUj. SOgCl, which will remain as a heavy 
oil at the bottom of the vessel. Four oS the water, add about SOO^^ of 
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Strong ammonia, and let stand. The chloride will Ihus be converted Inhi 
the corresponding sulphon-amide, thus : — 

C,H,. SO2CI + 2 NHa = C,H,. SO,NHa + NH,C1. 
After cooling, filter off the sulphon-amide ; wash well with cold water, 
and crystallize from water, 

NoTB FOtt SrnDKKT. — Befer back to what wafl said r^arding the acid 
chlorides and acid amides, paying particular attention to the general 
methods of preparation and their decompositions. 

Experiment 61. Mix 20K potasaium cyanide with an eqaal weight 
of dry potassium toluene-eulphonate, and distil from a small retort. The 
distillate Is impure tolyl cyanide, C7H1.CN : — 



K0-' 



f KCN = C7Hi.CN + KjS' 



Pot the tolyl cyanide in a fiask of 300™ to lOO" capacity, and add a mix- 
ture of 60"' water and 150" ordinary concentrated sulphuric acid. Heat 
on a sand-bath until the toluic acid begins to appear in the form of fine, 
white needles in the neck ol the flask. On cooling, the acid will crystal- 
lize out Pour off the liquid, and w^ with cold water. Now crystal- 
lize the acid once or twice from water. When pure, paratoluic acid 
melts ftt 177°. The reaction is represented by the following equation : — 
C7H,. CN + 2 HjO = C,H, . CO,H -H NHg. 

Benzene-sulphonic acid itself ia a very easily soluble sub- 
staDce. It is a strong acid, and yields a series of salts and 
other derivatives. 

When fused with potassium hydroxide, beuzene-sulphouio 
acid is converted into phenol (Exp, 65, p. 304): — 
C,H.. SO,K + KOH = CeH, . OH + K^SOj. 

By further treatment of benzene with fuming sulphuric acid 
a benzenB-disuIphonic acid is fovmed. This is capable of the 
same transformations as the mono-sulphonic acid. 

Note for Student. — By what reaction could benzene-disulphonic 
acid be transformed into the corresponding dicarbonic acid, CgHiCCOsH)*? 
Suppose the product obtained were meta-pbtbalic acid, what conclusion 
could be drawn with reference to the relation of the two Bulpho groups, 
SOiH, In the disulphonic acid ? 
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Solphanilio acid, CgH* < an tt ' "^ Concentrated aulphurie 

acid converts aniline into aniline sulphate, CgHjNHs . HSO,. 
"When this ia heated to 180° — 200° it ia converted into the 



Sulphanilic acid is difficultly soluble in cold water, more easily 
in hot water. It crystallizes from a solution in water in ortho- 
ihombic plates. 

Like taurine, it is an inner ammonium salt, and should, 

therefore, be represented thus, CaH4< - '>. It is, however, 

a strong acid, while taurine ia neutral. This is accounted for 
by the fact that aniline is a much weaker base than ethylamine. 
In taurine the basic portion has the power completely to neu- 
tralize the acid portion, while in sulphanilic acid this is not 
the case. Sulphanilic acid finds extensive application in 
the manufacture of dyes. 

Helianthin, meth?! orange, tropEBolin D, is an example 
of the azo dyes already referred to. It is formed by the action 
of benzene-diazonium sulphonate on dimethyl-aniline. The 
benzene-diazonium sulphonate is made from sulphanilic a^iidr — 

(1) C.H,<™-> — i- C,H.<''- - 



SO, ' " '^SO,'^' 

Sulphanlllo acid Beuene-dlazDnlum sulpbunal 

N,-C,H, 



(2) C,H, < so_ > + C,H..H(CH,), - C,H,^ 



NH(CHa)s. 

jM-beniBne 

ilphoiiate 

The sodium salt of this product is methyl-orange or helian- 



enzene-dluonluDi Dlmethji- Dlmelbyl-ai 
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thin. It is not used as a dye as it is very sensitire to acids 
and alkalies, but it is used as an indicator in acidimetiy and 
alkalimetry. It reacts with the weakest alkalies and is not 
affected by carbonic acid. 

Diphenylamine orange, tropeeolin OO, ia another ex- 
ample of the azo dyes. It is made by the action of diazotized 
sulpbanilic acid on diphenyl-amine in alkaline solution : — 
P TT /N, - C,H, 

, "-•"'>NH = C,H.<^ I 

- NHi(C,Hs). 

Diphenylamine orange is the sodium salt of this acid. 

Phenols, or Hydroxyl Derivatives of Benzene, etc. 

The hydroxyl derivatives of the paraffins are called alcohols. 
Ah will be remembered, they are of three kinds, each of which 
is well characterized. These are : — 

1. Primary alcohols, of which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 
, 2. Secondai-y alcohols, which by oxidation yield acetones and 
then acids containing a smaller number of carbon atoms. 

3. Tertiary alcohols, which by oxidation yield neither alde- 
hydes nor acetones, but break down at once, yielding acids 
with a smaller number of carbon atoms. 

The primary alcohols were shown to correspond to the 



formula Ci ; the secondary to C| ; and the tertiary to 



J or, in other words, the primary alcohols contain the 

group CHj.OHj the secondary, the group CH.OH; and the 
tertiary, the group C . OH. 
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Now, the simplest hydroxy! derivative of the members of 
the benzene aeries is phenol, C«Hj.OH, or benzene in which 
one hydrogen is replaced by hydroxyl. Representing this 
compound iu terms of the accepted benzene hypothesis, we 
have the formula 

OH 

H(X N]H 
I I 

H 

According to this, phenol appears to be allied to the tertiary 

alcohols, as it contains the group C.OH, and not CH,OH nor 
CH.OH. We shall see that, in fact, phenol conducts itself 
towards oxidizing agents like the tertiary alcohols. It yields 
neither aldehydes nor ketones. 

All compounds which contain hydroxyl in the place of the 
benzene-hydrogen atoms of benzene and its homologues are 
called phenols. As in the case of alcohols, there are phenols 
containing one hydroxyl, or morMicid phenols; those contain- 
ing two hydroxyls, or di-acid phenols; those containing three 
hydrosyls, or tri-acid phenols, etc. Some of these are familiar 
substances. 

MoN-AciD Phenols 

Phenol, carbolic acid, CuHsOCOaHjOH). — Phenol is found 

in small quantities in the urine. It is formed by the distilla- 
tion of wood, coal, and bones. Hence, it is a constituent of 
coal tar, and from this it is prepared. For this purpose the 
heavy oil (see p. 254) is treated with an alkali which dissolves 
the phenol. From the solution it is precipitated by hydro- 
chloric acid. It is purified by distillation. 

Phenol can also be made by converting nitro-benzene into 
aniline ; then into diazo-benzene ; and boiling this with water 
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(see Exp. 61 (6)) ; and by fusing a salt of benzene-sulphonic 
acid with potasainm hydroxide. 

Experiment 6S. In a gilver (or iron) crucible, or evaporating dish, 
melt 40> to 50< potassium bydroxide, after adding a few cubic centimetres 

of water. Now add gradually 10* finely-powdered sodium toluene-BuIpbo- 
uate, obtained in Kip.82,Btirringcocstantl; with a silver (or Iron) spatula. 
1)0 not heat to a very high temperature. After tbe mass has heen kept In 
» state of fusion for one-quarter to one-half an hour, let it cool. DlSBolva 
in 200" to 260"" water, and acidify with hydrochloric acid. Notice the 
odor of the gases given off. What gas do you detect ? When the liquid 
has cooled down, extract with ether in a glass-sloppered cylinder. From 
the ether extract distil the ether on a nater-hath. The residue is impure 
cresol (p. 309). Phenol can be detected by the following reactions, for 
which a solution in water should be prepared :^ 

(a) A fen drops of ferric chloride solution gives a beautiful blue color. 

(b) Add one-fourth volume of aromonia, and then a few drops of a 
dilute solution of bleaching powder. A blue color is produced. 

(c) Bromine water gives a yellowish- white precipitate of tri-brom- 
phenot. 

The reaotion which takes place in fusing potassium hydrox- 
ide and potassium benzene-sulphonate tt^ether is represented 
by the equation, — 

C^j.SOjK -I- KOH = C,H,.OH + KjSOj. 
It efFecta the replacement of the group, SO,K, by hydroxyl. 
Phenol is made by this method on the large scale. 

Phenol, when pure, crystallizes in beautiful colorless ortho- 
rhombic needles that melt at 42°. The presence of a little 
water prevents it from solidifying. It has a peculiar, pene- 
trating odor; boils at 181° and melts at 42°; is difficultly 
soluble in water (1 part in 15 parts water at ordinary tempera* 
ture); mixes with alcohol and ether in all proportions ; and is 
poisonous. It is a valuable antiseptic, and Unds extensive 
application as a disinfectant and. in the manufacture of picric 
acid. 

An aqueous solution of phenol is colored violet by a little 
ferric chloride. 
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Bromine water gives a precipitate of tri-brota -phenol when 

added to a water solution of phenol. 

Phenol is not soluble in alkaline carbonates. Its acid prop- 
erties are not strong enough to enable it to decompose these 
carbonates. On the other hand, it forms salts with the alks^lies 
and with several strong bases. Among these may be men- 
tioned the following: — 

Potassium phenolate, C,Hj , OK, made by dissolving potassium 
in phenol, and by treating phenol with a solution of caustic 
potash. 

Barium pJieiidate, (C8HjO)jBa 4- 2 HjO, made by dissolving 
phenol in baryta water. 

Lead oxide phenol, CoHeO , PbO, made by dissolving lead 
oxide in phenol. 

Phenol also forma ethers, ot which the methyl, ethyl, and 
diphenyl ethers may serve as examples ; — 

Methyl-phenyl ether, CjHfi ( S^°> O ). — This substance, 

also called anisol, is obtained from anisic acid (methoxy- 
benzoic acid) by boiling with baryta water. It is made also 
by treating potassium phenolate, CjHjOK, with methyl 
iodide : — p tr 

CgHjOK -f- CH,I = ^«j^» > + KI. 

It is a liquid of a pleasant odor. 

Note fob Stddent. — Compare this aubEtance with ordinary tlher. 
WhM method analogous to that above mentioned can be used in the 
preparation of ordinary ether? 

Bthyl-phenyl ether, OsH,„0 (^"^*>o), is called phenetol. 
Diphenyl ether, C^H„o(^°^'>o)- —ThU bears to 

phenol the same relation that ordinary ether bears to alcohol. 

With acids, phenol, like the alcohols, yields ethereal salts in 

which the phenyl group, C(Hj, takes the place of a metaL 
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Among: the compounds of this class which phenol forma with 
organic aeida, the foHowing may be mentioned : — 

Phenyl acetate, CjH,Oj(CHj. OOj. C,H^. —This is formed 
by treating phenol with acetyl cliloride. 

Note toe Stcdent. — What use ib acetyl chloride put to as a reagent 
in oi^nic chemUtr; ? Explain its use. What conclusion can be drawn 
from the fact that acetyl chloride acts upon pheaol, replacing oneh;drogen 
by acetyl, CsHsO? 

Substitution-products of phenol. Phenol is very susceptible 
to the action of various reagents, and a large number of substi- 
tution-products have been made from it. 

Bromine acts upon it readily. li, for example, bromine 
water is added to a water solution of phenol, tri-brom-phenol 
is formed and precipitated. 

Nitro-phenola, CgHjNOa f CjH4<qHm. —Dilute nitric 

acid acts upon phenol, yielding two mono-nitro-phenols, one 
of which belougs to the ortho series, the other to the para 
series. 

Experlmeat 66. Add 2(W phenol to a mixture of 80°° wal«r and 
40™ ordinary concentrated aitric acid (sp. gr. l.Zi). Stir, aud, after a 
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time, poor off tbe dilute acid from the oil. Wash with water, and then 
put it into a flask, with about a litre of water, arranged as shown in 
Fig. 15. Flaak A bolda nothing but water ; while the oil, together with 
water, are in B. From A a current of steam is passed into B, which is 
heated by means of a lamp. Yellow crystals pass over and appear in the 
receiver, while a non-volatile substance remains behind in flask B. The 
volatile eubatance is ortho-nitro-phenol ; the non-volatile is para-nitro- 
phenol. 



This is formed very easily by the action of strong nitric acid 
OQ phenol. 

Experiment 67. Add 1(K phenol slowly to ID* concentrated nitrio 
acid. When the action is over, add 3W fuming nitric acid and boil for 
some minutes. Extract the picric acid by meajis of hot water, and purify 
by dissolving in potassium carbonate, and evaporating to crystaUization. 

Picric acid crystallizes in yellow leaflets or prisms, has a 
very bitter taste (whence the name, from irucpov, bitter), is 
poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and silk yellow. 

Note for Student. — Ja there any analogy between tri-nitro-phenol 
and tri-nltro-glyeerin ? What is the essential difference between them ? 

It ia extensively used as an explosive under the name lyddite. 

One of the most interesting properties of tri-nitro-phenol is 
its power to form salts. It acts like a strong acid. It will 
thus be seen that, while the substance CjHj.OH has only very 
slight acid properties, the same substance, with three of its 
hydrogens replaced by nitro groups, CaH2(N02)3.0H, has 
strong acid properties. In the salts, which have the general 
formula CsHj(N02)5. OM, the metal replaces the hydrogen of 
the hydroxyl. Among them may be mentioned the potassium 
salt which was obtained in Exp. 67 ; this explodes when heated 
and when struck. Ammonium, picrate, CaHj(N0,)3.0NHj, la 
used as a constituent of explosives. 
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Amino-phenols, CgH, < ^„ . — The amino-plienolB are 
formed by reducing the nitro-phenola by means of tin and 
hydrochloric acid. Met-ami no-phenol and some of its deriva- 
tives are used in the preparation of the rkodamine dyes. 

Par-am ino-phenol, a solid that melts at 184°, yields an ethyl 
ether, p-phenetidine, CjH* < ' °. This ether is converted by 
glacial acetic acid, into an acetyl derivative of the formula, 
C.H^<„'* " „„ . Thiaiasometimescalledacef-awitno-pAeneio?. 
It is extensively used in medicine under the name p7(enace(in, 

Phenol-aulphonic acids, OaHi< g_ „. — When phenol ia 
treated with sulphuric acid, the ortho and para sulphonic acids 
are formed. At low temperatures the ortho acid is formed in 
larger quantity than the para acid. The ortho acid is readily 
converted into the para acid by heat, so that, at a compara- 
tively high temperature, the para acid is the principal product. 
The change of the ortho acid to the para takes place even when 
its water solution is boiled. A mixture of the ortho and the 
para acids is used in water solution as an antiseptic under the 
name aseptol. 

Phenyl-mercaptan, f 

Phenyl hydrosiaphide, ^ CaHjSCCaHs.SH). — This bears 

Thiophenol, ) 

the same relation to phenol that mercaptan bears to alcohol. 
It can be made by reducing benzene-sulphon-chloride. This 
reduction is effected by first making the sulph on-chloride, 
CsHj.SOaCl (Exp. 63), and then ti'Cating this with nascent 
hydrogen. 

Note for Student. — What is the effect of oxidizing Lhemercaptans? 

It can be made, also, by treating phenol with phosphorus 
pentasuiphide, the efEect of this reagent being to substitute 
sulphur for oxygen. 
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Note for Student. — What analogy is tbere between (be action of 
phosphoros peiitachloride and of phosphorus pentasulphide on compounds 
containing oxygen 7 

Phenyl-metcaptan is a liquid, with a very disagreeable odor. 
It forms a crystallized mercury compound, (CeHjSjjHg. 

or hydroxyl derivatives of toluene, of the formula C«Hi < "t 
They are all found in coal tar, and the tars from pine and beech 
wood. When mixed together, it is difficult to separate them. 
To obtain them in pure condition, it is therefore best to make 
them from the three toluidines, or from the three sulphonio 
acids of toluene. 



Creaols, C7HgO( CaHj < ):^^ ]. — There are three cresols, 



Note for Stc7Dent. — Give the equations representing the r 
involved in psasing from the three toluidines to the creaols, and from the 
three toluepe-sulpbonic acids to the cresols. 

The cresols resemble phenol very closely. 

Creosote is a mixture of chemical compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote consiata 
largely of phenols. 

/ fCH, ,> 

Thymol, propyl-meta-cresol, CioHkOiCbHjJ 0H<'") ]■— 

Thia phenol is contained iu oil of thyme, together with cy- 
mene, and is made artificially from nitro-cuminic aldehyde, 

fCHO 
C,Hb \ NOs ("). When this is reduced it gives an amino derive 
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/CH, 

tive of cymene, C,Hj \ NHa , which can be converted into thymol 

through the diazo compouDd, It forms large monocliaic crys- 
tals, which melt at 50°. It haa a pleasant odor, like that of 
the oil of thyme. ' Treated with phosphorus pentoxide, it 
yields meta^eresol and propylene, CjHg; while, when treated 
with phosphorus pentasulphide, it yields cymene. These two 
reactions indicate that the groups contained in thymol bear to 
each other the relations indicated by the formula given above. 
It is one of the two theoretically possible hydrosyl derivatives 
of cymene. The other one, cai-vacrol, has the hydrosyl in the 
ortho position I'elative to methyl. It has been made from 
the corresponding cymene-aul phonic acid; is found in nature 
in the ethereal oil of Origaimm Mrtum; and can be made from 
carvone, or the oil of caraway, by heating it with glacial phos- 
phoric acid or with caustic potash, 

Dl-ACID FBENOia 

The three theoretically possible di-hydroxyl benzenes, 
CbHi<jjj^, are all well known. 

Pyrooatechol, \ nrt n fn-a ^^^ \ 

Ortho-di-hydroxy-benzene, / ^'^^A^'^^ OHw )' " 

This substance is a frequent product of the dry distillation of 
natural substances, — as of catechu, morintannic acid, etc., — 
and of the melting of resins with caustic potash. It can be 
made by fusing ortho-chlor-phenol or ortho-pheool-sul phonic 
acid with caustic potash. It forms crystals, which melt at 
104°. It is easily soluble in water, alcohol, and ether. 

The dilute solution in water gives with ferric chloride a 
dark green color, which becomes violet on the addition of a 
little of a very dilute solution of sodium carbonate. 

It reduces silver nitrate in solution in cold water. It is 
used in photoj^rapby. 
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*"" '"-OHM 

This substance was first fouDd in guaiac resin. Hence its 
name. It is formed in considerable quantity in the distilla- 
tion of wood, especially beech wood. It is made syntheti- 
cally by introducing methyl into pyrocatecbol. Guaiacol is a 
liquid that solidifies at 28.5° and boils at 205°. The carbon- 
ate, COCOCeHj. OCHs)„ has been recommended aa a remedy in 
tuberculosis. 

Veratrol, dimethyl-pyrocatechol, C«H, < ?Ig ' '^ formed 
by treating the potassium salt of pyrocatecbol with methyl 

iodide and by distilling mnUric acid, C«Hj J OCHa, with lime. 
t-OCHj 

BesoToinoI, \rTTn ( ctj ^ *-*^ \ 

Meta-di-hydroxy-benzone, / '^'^"^^ \ ^«^ < OH(m) / ' ~ 

Reaorcinol is formed by the melting of a number of resina with 
caustic potash, as of galbanum, sagapenum, aaafoetida, etc 
It is made, also, by melting meta-iodo-phenol or meta-benzene- 
disulphonic acid with caustic potash. 

It crystallizes from water, usually in thick, orthorhombic 
prisms. Melting-point, 118°. 

With ferric chloride, the water solution gives a dark violet 
color. Heated for a few minutes with phthalic anhydride in a 
teat-tube, a yellowish-red mass is formed. When this is added 
to dilute caustic soda, a solution with remarkable fluorescence 
is obtained. The explanation of this reaction will be given 
under the head of Tri-phenyl-m ethane, when the phthaleins 
will be described. 

Eesorcinol ia used largely in the manufacture of certain dyes, 
and is therefore manufactured on the large scale. 

Heated with sodium nitrate resorciuol gives a deep blue 
dye. This is soluble in water and the solution is turned 
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red by acids. It is called lacmoid and is used as an indi- 
cator. 

ISwaoTd,™"'' } CAN^.(«.H<;Sg5^).-ThU 
compound is formed by the action of nitric acid on resorcinol, 
and on those resins which give resorcinol when treated with 
caustic potash. It closely resembles picric acid. Heated with 
bromine and acetic acid, it yields the substance known as 
brompicrin, which has the formula C(NOj)Brj. 

Hydroquinol, i (-. tt o (r-n ^ ^^ \ 

Para-di-hydroxy-benzene, / ^^'^^'\^'^*^onip))' ~~ 
Hydroquinol is formed by the oxidation of quinie acid, by 
reduction of quinone (which see), by means of sulpliur dioxide, 
by fusing para-iodo- phenol with caustic potash, etc. 

It is a crystallized substance which melts at 169° ; easily 
soluble in alcohol, ether, and hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., convert 
it into quinone. It is used in photogi'aphy as a " developer," 



It would lead too far to discuss liere the reactions which 
have been made use of for the purpose of determining to which 
series each of the three di-hydroxy- benzenes belongs. The 
principle involved, however, is simple. Either these substances 
must be converted, directly or indirectly, into others, in regard 
to the relation of whose groups we have evidence; or sub- 
stances, the relation of whose groups is known, must be con- 
verted into the di-hydroxy-benzenes. The reactions employed 
for effecting the conversions are mainly those which have 
already been studied ; viz., the formation of amino compounds 
from nitro compounds by reduction; the formation of diazo com- 
pounds from amino compounds ; the formation of (1) hydroxyl 
derivatives, (2) chlorine, bromine, or iodine derivatives, from 
the diazo compounds ; and the formation of hydroxyl deriva- 
tives from sulphonic acids. 
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m-hySoxytol„en,,l°AO- [°*{°|;:; ] -T'"»™ 
two coloring matters, known as archil and litmus, which are 
inade from different lichen^ by exposing them in powdered 
condition in ammoniacal solution to the action of air. Archil 
contains a substance called onein, which can be made from 
orcinol by treating it with ammonia in contact with the air. 
Orcinol is contained in several lichens. It is formed, also, by 
melting aloes with caustic potash, and by melting 1, 3, 5-chlor- 
toluene-sul phonic acid with caustic potash. The last reaction 
shows that orcinol is 1, 3, S-di-hydrosy -toluene. 

Orcinol crystallizes in large, colorless, monoclinic prisms 
which turn red in the air. Ferric chloride colors the aqueous 
solution a blue violet. 

Treated with ammonia in moist air, it is converted into 
orcein, CaHajNiO;, a substance which dissolves in alkalies, 
forming beautiful red solutions. 

Orcinol is manufactured on the large scale, and then con- 
verted into orcein, which is used as a dye. 

Litmus is obtained from the lichens Roccella and Lecarwra by 
treating them with ammonia and potassium carbonate. Com- 
mercial litmus is made by mixing the concentrated solution 
oE the potassium salt with chalk or gypsum. 



r^ogalloLpyrogaUioaoid, 1 fc,H,loi(2)l • - 

Tri-hydroxy-benzene, j*-'ft^"s toH(3)J 

Pyrogallic acid is formed by dry distillation of gallic acid, the 
reaction being analogous to that by which benzene is produced 
by distillation of benzoic acid : — 

CbHj . COjH = C^Hg + CO2; 

BeDiolcacJd Bcn^fno 
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It is formed also when one of the chlor-phenol-sulphoaic acids 
is fused with caustic potash : — 

(OH (1) KOH f™ 

C,H. CI (2) + „o„-C,H. OH + KCl + K^Or 
|S0,K(3) loH 

PotuKlum cblor-phsnol- Pynfalliil 

It crystallizes in lamina or needles ; melts at 132-133° ; is 
easily soluble in water, ether, and alcohol. In alkaline solu- 
tion it ahsorhs oxygen rapidly and becomes brown. On account 
of this power to absorb oxygen it is used in gas analysis. It 
is poisonous. With a solution containing a ferrous and a ferric 
salt it gives a blue color. 

Most of the phenols give color reactions with ferric chloride, 
and most of them change color in the air. These changes in 
color are undoubtedly due to the action of oxygen. Towards 
oxidizing agents they are all unstable, most of them breaking 
down readily and yielding as the chief product of oxidation, 
carbon dioxide. In general, the larger the number of hydioxyl 
groups contained in a phenol, the less stable it is. It will be 
seen that these same statements hold good for the hydroxy- 
acids of the benzene group, of which gallic acid and salicylic 
acid are examples. 

r fOHciji 

Phloroglucinol, CaHsCOEOj C,hJoH(3) . — This phenol 
I lOHCS)) 

was first obtained from phloretin, which is one of the products 
of decomposition of a glucoside (see Glucosides), phloridzin. 
It can be obtained also from other glucosides, and from several 
resins. Eesorcinol gives it when fused with potassium hydrox- 
ide, as does 1, 3, 5-benzene-trisuIphonic acid. 

In some of its reactions phloroglucinol acta like a tri-hydroxy 
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benzene, in others it acts as if it contained three carbonyl 
groups, CO. Thus, for example, on the one hand, it gives a 
tri-methyl-ether, CsHa(OCH5)3, and, on the other hand, with hy^ 
drosyl-amine it gives a trioxime, CsHu(NOH)j, In the present 
state of oui knowledge we can only conclude that in contact 
with some reagents it actually is tri-hydroxy-benzene, while in 
contact with others it is tri-keto-hexa-ni ethylene. The two 
conditions are represented by the formulas: — 



Cj' \c . OH 0C-'^\cO 

lC\JcH HjclJr" 



CH, 



Tri-liydro.y-benMii8 Trl-fceto-hen-melhjleno 

This is another example of tautomerism already illustrated 
by hydrocyanic acid and by uric acid. 

Alcohols of the Benzene Series 
The phenols are those hydroxyl derivatives of the benzene 
hydrocarbons, which contain the hydroxyl in the place of one 
or more of the six benzene hydrogens. But just as there are 
two classes of halogen substitution-products of toluene, in one 
of which the substitution has taken place in the benzene resi- 
due, and in the other in the marsh-gas residue, as indicated in 
the two formulas, — 

CH^CLCHs and C»Hj.CHjCI, 
so, also, there are two classes of hydroxyl derivatives: (1) the 
phenols, and (2) those in which the hydroxyl is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to the formula, CcHj . CHj . OH. It is isomeric with the 
cresols, CjH^.OH.CHj, and has entirely different properties. 
While the cresols are the true homoli^ues of phenol, the new 
substance is methyl alcohol in which one of the hydrogens 
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of the methyl has been replaced by phenyl, CoH,. It may 

Q , which makes its 
OH 
(CHa 
analogy to ethyl alcohol, *- { j, t apparent. 
loH 
Benayl alcohol, C,HgO(CgH,.CHjOH). — Benzyl alcohol 
or phenyl carbinol is found in nature in the balsams of Peru 
and Tolu, and in storax. In these substances it is, for the 
most part, in combination with benzoic or cinnamlc acid. It is 
made by treating the oil of bitter almonds, which Is the corre- 
sponding aldehyde, with nascent hydrogen ; — 

CsH,. CHO 4- Hj = CsH,. CH;. OH. 

on of bitter almondg Beoi.vl aki>Uol 

It is also made by replacing the chlorine in benzyl chloride, 
CgHj.CHjCl, byhydroxyl, just as methyl alcohol is made from 
methyl chloride by a similar replacement. In the case of 
benzyl chloride this can be effected even by boiling for a long 
time with water ; — 

CaHj . CHjCl + HjO = C«Hi . CHjOH + HCl. 

Benzyl alcohol is a colorless liquid with a pleasant odor. It 
boils at 206.5°. It dissolves with difficulty in water, and is 
soluble in alcohol and ether. 

Note for Stddest. — Notice the great difiereoce between the boiling- 
point of methyi alcohol and that of phenyl- methyl alcohol. 

Oxidizing agents convert the alcohol, fii'st, into the oil of 
bitter almonds or benzoic aldehyde, and Ihen into benzoic acid. 
The relations between the three substances are like those be- 
tween any primary alcohol and the corresponding aldehyde 
and acid, as shown by the formulas : — 

CaH, . CHjOH ; C«H, . OHO ; C«H, . COsH. 

heozyl alcohol B«iiiajc aldehj'dfl B«a»t)c add 
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Hydriodic acid converts benzyl alcohol into toluene: — 
CaHj.CHjOH + 2HI = CjHj.OH, + HjO + 21. 

Benzyl alcohol conducts itself, in most respects, like the ' 
primary alcohols of the methyl alcohol series. A large number 
of its derivatives have been made and studied. Among them 
are ethereal sails, of which henzyl acetate, CHj , CO . OCjHj, and 
benzyl nitrate, NOj.OCjH,, may serve as examples; ethers, of 
which the methyl ether, CgHj.CHj. O.CHj, and the phenyl etJier, 
CoHs.CHi.OCgHj, are good examples; and siibslil^Uionrproducts, 
of which cklor-betizyl alcohol, CjH^Cl.OHjOH, and nitro-benzyl 
alcohol, C,H,(NO,).CH,OH, are examples. 

These substitution-products are not made by direct treatment 
of the alcohol with the substituting agents, but by starting with 
the corresponding substituted toluene. Thus, chJor-benzyl 
alcohol is made from ehlor-toluene, CflHjCl.CHj, by first con- 
verting this into chlor-beuzyl chloride, CjH,Cl . CH,01, and then 
replacing the chlorine of the group CHjCl by hydroxyl. By 
oxidation the substituted benzyl alcohols yield the correspond- 
ing substituted benzoic acid: — 

C^Cl.CHiOH -I- 0, =C,H4C1.€0,H + HjO. 

Cblor-beniaii: Kid 

C,H,(NOj).CHsOH + 0, = C,H,(NO,)COjH -f- H^O. 

NIUu-benzoLs utd 

Very few of the alcohols analt^ous to benzyl alcohol have 
been prepared. Plainly, the homologues may be of two kinds : 

1. Those which are phenyl derivatives of the alcohols of the 
methyl alcohol series. Of this class, phenyl-ethyl alcohol, 
C,H,.CH5.CHiOH,the isomeric substance CaH,.CH. OH. CH,, 
and phenyl-propyl alcohol, CsHj.CHj.CHj.CHjOH, are exam- 
ples. Phenyl-propyl alcohol is of special interest on account 
of its connection with cinnamic acid (which see), which has 
come into prominence since it has been shown to be closely re- 
lated to the interesting substances of the indigo group. It 
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occurs in atoi'ax in the form of an ethereal salt, which will be 
treated of more fully under the head of Cinnamic Acid. 

2. Those which are derivatives of xylene, meaitylene, etc., 
in the same sense that benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

Tolyl-carbinol '^''*^^Ch!oH' 

and Cuminyl alcohol .... CeH,<^^'*^^, 

which is made from cuminol, an aldehyde found in the oil of 
cumin. 

Aldehydes of the Benzexe Series 

The aldehydes of this group are closely related to the alco- 
hols just considered. The simplest one is the oil of bitter 
almonds, or benzoic aldehyde, C,HgO. 

stance occurs in combination in amygdalin, which is found In 
bitter almonds, laurel leaves, cherry kernels, etc. Amygdalin 
belongs to the class of bodies known as glucosides, which break 
up into a glucose and other substances. Amygdalin itself, 
under the influence of emulsin, which occurs with it in the 
plants, breaks up into benzoic aldehyde, hydrocyanic acid, and 



Ca,Hs,NO,i + 2 H,0 = CjHflO + CKH + 2 CsHiaOc 

AmyEdallo Bvnzulc Blili^byda OlueoM 

Benzoic aldehyde can be made : 

1. By oxidizing benzyl alcohol r — 

C«H,. CHjOH + = CgHg. CHO + HjO. 

2. By distilUug a mixture of calcium benzoate and calcium 
formate : — 
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C^..co!Om:_ cho + mco 

S. By treating benzoyl cUoride with nascent hydrogen : — 

CaHj. COCl + H, = C,H, . CHO + HCl. 

4. By treating benzaJ chloride with water and niUk of lime 
under pressure : — 

C«H. . CHCl, + HjO = C,H. . CHO + 2 HCl. 

NoTB FOB Stddent. — Refer to the general methods for the prepara- 
tion of aldehydes. Which of the ahove reactions are tised for the 
preparalion of aldehydes in general ? Which of the reactions throw light 
upon tJie nature of aldehydes, anfl their relation to alcohols ? 

Benzoic aldehyde is prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from beDzal chloride. 
On the large scale it is prepared by treating benzyl chloride 
with lead nitrate ; — 
20,H,.CH,C1 +Pb(NO,),= PbCl,+2C«H,.CHO + 2HNO,; 

or from benzal chloride (see reaction 4 above). 

Benzoic aldehyde is a liquid having a pleasant characteristic 
odor. It boils at 179°; is difficultly soluble in water; is not 
poisonous. 

It unites with oxygen to form benzoic acid ; with hydr<^en 
to form benzyl alcohol; with hydrogen sulphide, ammonia, 
ammonium sulphide, alcohols, acids, anhydrides, and ketones. 
In short, its powers of combination with other substances are 
almost unlimited. Hence, a very large aumber of derivatives 
are known. 

Ouminio aldehyde, oaminol, 0,oHiaOf C»H, <S?P ]. 
This aldehyde occurs in oil of cumin, from which it is made. 
It is a liquid with the odor of the oil of cumin. Its reactions 
are like those of benzoic aldehyde. 
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Benzaldoximes, C.H,.CH:N.OH — Hydroxylamine re- 
acts with benzoic aJdehyde as it generally reacts with aldehydes, 
forming an oxime : — 

CflH,. CHO + HJTOH = G^R, . CH : N . OH + H,0. 
This appears first as an oil, but when purified it forms long, 
lustrous prisms, melting at 35°. 

When hydrochloric acid gas is conducted into an ether solu- 
tion of the above oxime, a hydrochloride is precipitated, and 
when this is treated with sodium carbonate^ a new oxime, 
isomeric with the above, is obtained. This crystallizes from 
ether in thin, lustrous needles, and melts, when rapidly heated, 
at 125°. By long-continued heating, however, it i& converted 
into the oxime melting at 35°. 

These two oximes are regarded as atereoisomeric. In terms 
of the conceptions of stereochemistry they should be represented 
by the formulas ; — 

- C - ir and C.H( - C - H 
II II 

- N N - OH 

CsHj 



HO 



[For an explanation of the significance of these formulas, 
especially as far as the nitrogen atom is concerned, see p. 295.] 

The one with the hydrogen atom and the hydroxyl on oppo- 
site sides is called henz-antUjldnxiTue ; the one with the hydro- 
gen atom and the hydroxyl on the same side is called benz- 
ayn-aidoxitae. The one that melts at 125° easily loses water 
and forms phenyl cyanide or benzonitril, CjHjCN. The other 
does not. It is believed that the one that loses water and 




OH 
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yields the Dittil when heated with acetic anhydride is the syn-. 
oxime, as in this form the hydrogen and hydioxyl appear to be 
80 situated that they can unite to yield water, whereas this is 
not the case in the anti-form. According to this the stable 
form, the one most easily obtained, is the anti-oxime. Phe- 
nomena of this kind have been extensively studied and the 
ideas here set forth rest upon a broad foundation of experi- 
mental evidence. 

Acids of the Benzene Series 

The simplest of these acids is benzoic acid, which bears to 
benzene the same relation that acetic acid hears to marsh-gas. 
It is the carboxyl derivative of benzene. The homologous 
acids are derivatives of the homologous hydrocarbons. There 
are monobasic, dibasic, tribasic, and even hexabasic acids, but 
the number actually known is small. 

Monobasic Acids, CnHzn-aO, 
Benzoic acid, C;HbO,(CjHj - CO,H) — Benzoic acid occurs 
in gum benzoin, in the balsams of Peru and Tolu, and in 
combination with amino-acetic acid or glycine in the urine of 
herbivorous animals. It can be made in many ways, the most 
important of which are given below : — 

1. By oxidation of benzyl alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol series. 
The common condition in all these alcohols is the presence of 
the dif&ciiltly oxidizable residue, C«H„ in combination with an 
easily oxidizable residue of an alcohol of the marsh-gas series ; — 

C„H, . CHjOH gives CgHs . CO^H ; 

CjHj . CHj . CHgOH " CgHj . COjH ; 

CaH, . CHj . CHj . CH^OH " C^Hs . CO^, etc. 

2. By oxidation of benzoic aldehyde, and the aldehydes of 
the other alcohols referred to in the preceding paragraph. 

3. By oxidation of all benzene hydrocarbons which contain 
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but one residue of the marsh-gas seriea. Attention has already 
been called to this fa^t (see p. 270), 

4. By treating cyan-benzene (phenyl cyanide, benzo-nitril) 
with sulphuric acid (see Exp. 64, p. 300) : — 

CbHsCN + 2 H,0 = CbH, . CO,H + NH^ 

6. By treating benzene with carbonyl chloride in the pres- 
ence of alumiuium chloride; — 

CaHa -t- COCI, = CbH, . COCl + HCl ; 

CaH, ■ COCl -I- H,0 = CaH, - CO,H + HCL 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be treated of more 
fully under the head of Tri-phenyl-mothane. 

6. By ti-eating benzene with carbon dioxide in the presence 
of aluminium chloride : -t- 

C,H, + COj = C,H, ■ CO,H. 

This and the preceding methods are of special interest from the 
scientific point of view, for the reason that they clearly show 
the relation between benzoic acid, on the one hand, and ben- 
zene and carbonic acid, on the other. 

Note pob Student. — Wliich of the methods above giyen are ot gen- 
eral application tor the preparation of the acids of carbon ? 

Benzoic acid is prepared on the large scale i (1) from gum 
benzoin by sublimation ; (2) from the urine of horses and cows 
by treating the hippuric acid with hydrochloric acid; (3) from 
toluene, best, by converting it into benzyl chloride, and oxidiz- 
ing this with dilute nitric acid. 

Experiment 68. If Che material is obtainable, evaporate a quantity 
of the urioe of borses or cows to about one-half or one-tbird its volume. 
Add hydrochloric acid. On cooling, hippuric acid will be deposited. Re- 
crystallize this several times from dilute nitric acid. Boil the hippuric acid 
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tor abont a quarter of an hour with ordinary concentrated hydrochlono 
acid. By this means tlie liippuric a«Jd is decomposed, yielding glycine 
(amino-acetic acid) and benzoic acid : — 

CsHbNOs + HsQ = CIIbOj + CII,<J!^= . 



Benzoic acid forms lustrous laminte or needlea, which melt 
at 121''.' It bails at 250°. 

Expeiimeut 69. Determine the melting-point of the benzoic acid 
which you have made from bippuric acid. If it is not as stated above, 
recrystallize from water until the melting-point ia not changed hy further 
crystallization. Those specimens wbich are least pure can be purified by 
recryatallizing tbem from dilute nitric acid. 

The acid is comparatively easily soluble in hot water, but 
difficultly soluble in cold water. It is volatile with steam. 

Experiment 70. Put some in a one-litre Qaak, with about T00°< to 
8O0« water. Connect with a condenser, and boll down to about 200". 
Neutralize the distillate with ammonia, and evaporate down !« a small 
volume. Acidify, when benzoic acid will be thrown down. 

Its vapor acts upon the mucous membrane of the respiratory ■ 
passages, and causes coughing. 
It sublimes very easily. 

Experiment 71. Put some dry benzoic acid in a small, dry crystal- 
lizing dish, and put the dish in a sand-bath. Over the mouth ol the dish 
put a paper cone made from filter-paper, arranged as shown in Fig. Ifl. 
Heat with a small flame. The benzoic acid will be deposited on the paper 
in beautiful lustrous needles. 

Or another form of apparatus, which Is useful for subliming small 
quantities of substance, consists, essentially, of two wtttch -glasses which 
are of exactly the same size. The edges of the glasses are ground to 
secure a good joint when they are brought together. In using this appa- 
ratus, put the substance to be sublimed in one of the glasses ; stretch a 
round piece of filter-paper over it, and then place the other glass upon it. 
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Clamp the glasses together by means of a Ibin brass cUmp. Now put the 
glasses on a sand-bath, &nd warm gently, when the aubstance will slowly 



pass through the paper and appear in cryHtalB.in the upper watch-glass. 
It is well to keep a atuall pad of moist filter-paper on the upper glass during 
the operation. 

When heated with lime, benzoic acid breaks up into benzene 
and carbon dioxide (see Exp. 64) r — 

CHcOj = CbH, + CO,. 

With sodium amalgam, it yields benzyl alcohol and other re- 
duction-products. With hydriodic acid, it yields toluene, and 
then hydrogen addition-products of toluene. 

A great many derivatives of benzoic acid are known. 

Nearly all its salts are soluble in water. 
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Sodiwm benzoate in small quantities is extensively used as a 
preservative. 

The ethereal salts can be made by any of the geneiul 
methods already described. 

le general methods for the prepara- 

Rxperiment 72- Dissolve 40B benzoic acid in 150'° absolute alcohol. 
Pass dry hydrochloric acid gas into the solution, keeping ^he Intter cool 
by surrounding it with water. When the solution is latiirated with 
hydrochloric acid, connect the flask with an inverted condenser, and 
warm gently on a water-bath for half an hour. Now add tbr«e or four 
volumes of water, when ethyl Ijenzoate will separate as an oil. Wash 
with water and a little sodium carbonate ; and, finally, dry. 

Benzoyl chloride, CbHj.COCI, and bromide, CoHj.COBr, 
are made from benzoic acid in the same way that acetyl chlo- 
ride is made from acetic acid. On the large scale the chloride 
is made from benzoic aldehyde by treating it with chlorine ; — 

C,H, . COH + Clj = CsH, . COCl + HCl. 
They are more stable than the corresponding compounds of the 
fatty acids, but in general undergo the same kinds of change. 

Benzoyl chloride acts upon hydroxyl compounds in the same 
general way that acetyl chloride does, and forms benzoyl com- 
pounds ; — 

CflH, . OH + C,H, . COCl = CH. . CO . OCsH, + HCl. 

These benzoyl compounds are, as will be seen, esters of 
benzoic acid. 

The reaction between hydroxyl compounds and benzoyl chlo- 
ride is much aided by the addition of caustic potash (Baumann- 
Schotten reaction). 

Benzoyl cyanide, GsHj.CO.CN, is made by distilling 

i cyanide and benzoyl chloride : — 

2 CflHj. COCl + Hg(CN}j = 2 CbH,. COCN + HgCl» 
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The cyanogen can be converted into carbo:iy], and thus an acid 
of the formula CgHj . CO . COjH obtained. This is known as 
benzoyl-formic acid. It ia of interest, foi the reason that one of 
its derivativeB is closely related to indigo (see Isatine). 

Substitvtion-Products of Benzoic Acid 

Benzoic acid readily yields substitution-products when treated 
with the halogens, and with nitric and sulphuric acids. The 
products obtained by- direct substitution belong mostly to the 
meta series. Thus, when chlorine acts upon benzoic acid, the 
main product is meta-chlor-bertzoic acid ; nitric acid gives mainly 
viettMiitro-benzoic acid ; and sulphuric acid gives mainly vieta- 
aulplio-ienzoic acid. 

Note for Student. — Compare this with the result of the direct 
action of the same reagents on lolueae. 

Substituted benzoic acids can be made, also, by osidizing the 
corresponding substituted toluenes. Thus, chlor-toluene gives 
chlor-benzoic acid ; nitro-toluene gives nitro-benzoic acid, etc. : — 

CsH,Cl . CH, gives C,H,C1 . CO,H ; 
C«H,(NO,)CHs " C«H^(1S0,)C0,H. 

The three nitro-benzoic acids and the corresponding amino- 
benzoic adds may serve as examples of the mono-substitution 
products. 

Ortho-nitro-benzoic aoid. C,HjNO, ( OgH, < „f, ). — 

Ortho-nitro-benzoic acid is formed, together with a large quan- 
tity of the meta acid and some of the para acid, by treatinj 
benzoic acid with nitric acid, by oxidizing ortho-nitro-toluene 
with potassium permanganate, and by oxidizing ortho-nitro- 
■ cinnamic acid. It crystallizes in needles, melts at 147°, and 
has an intensely sweet taste. 
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Meta-nitTO-beneoic acid, CgH, < ' , is the chief prod- 
uct of the action of nitric acid on benzoic acid. It crystallizes 
in laminae, or plates, and melts at 140° to 141°. 

-NO„ 

by oxidizing para-nitio-toluene. It crystallizes in laminre, 
melts at 238°, and is much less easily soluble in water than 
the ortho and meta acids. 

The determination of the series to which these three acids 
belong is effected by transforming them into the amino-acids; 
and these, through the diazo compounds, into the corresponding 
bydroiy-acids of the formula C«H, < 

NoTB roB Stddbnt. — Give the equations representing the action 
involved in passing from toluene Ui ortlio-bydioxy-benzoic acid (salicylio 
acid) by the method above referred to. 

In a similar way, lines of connection can be established 
between the three hydroxy-acids and the chlor-, brom-, and 
" iodo-benzoic acida. 

NoiB FOR SruDBHT. — What are the reoctions ? 

The three hydroxy-aoids, on the other hand, have been made 
by methods that connect them directly with the three dibasic 
acids of benzene, CiH(<', which, in turn, have been made 
from the three xylenes. 

Ortho-amino-ben^oic acid, 1 „ „ -t^-. /"__ ^COaHN 

Anthramlic acid. J Cj^jNO, ^^C^, < jjH«, ,/ 

This acid is made by reducing ortho-nitro-benzoic acid with 
tin and hydrochloric acid, and, on the large scale, from phthal- 
imide by Hofmann's reaction (see p. 214); — 

C.H.<CO>sH + NaOH = CA<™™'f 
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"COOl 

It is also formed hy boiling indigo with caustic potash. It has 
already been stated that indigo yields aniline. How, as ortho- 
amino-benzoio acid is also obtained, and this breaks up easily 
into aniline and carbon dioxide, 

it seems probable that the aniline is a secondary product. 

Like other amino acids, anthranilic a«id is probably an inner 
salt and should, accordingly, be represented by the formula 
C»H, < jjg >, When it is diazotized it yields an inner dia- 
a salt of the formula CjH, < j.^ >. When this is boiled 



vith water it yields salicylic acid : — 

III 

N 

■* 5^ . OH or CeH, < Jg > C0\ 

— Isatine is obtained by 'the oxidation of indigo, and from 
ortho-nitro-benzoic acid as follows : — 

The nitro-acid is converted into the chloride, the chloride 
into the cyanide, and this into the corresponding carboxyl 
derivative, which- is the ortho-nitro derivative of benzoyl- 
formic acid. The ovtho-nitro-benzoyl -formic acid is then 
reduced to the amino compound and this loses water and gives 
isatine. The changes are indicated thus: — 
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„„^CO.COOH p„^CO.C( 



The formula given for isatine represents it as an anhydride 
of ortho-ami no-be nzoyl-formic acid. The formation of anhy- 
drides of aromatic acids is a charactenstic of ortho compounds. 
Neither the meta nor para acids give up water. We shall find 
that thia fact is illustrated in the case of the dibasic acids, the 
only one that yields an anhydride being ortho-phthalic acid, 

CsH, < QQQH , which gives phthalic anhydride, Call4< „>0. 
This ready formation of anhydrides from ortho compounds, 
taken together with the fact that the meta and para compounds 
do not yield auhydrides, has been regarded as an argument in 
favor of the view that in the ortho compounds the two substi- 
tuting groups are actually nearer together than in the meta 
and para compounds. 

Isatine illustrates the phenomenon of tautomeriam (see p. 
92). Towards some reagents it reacts as though it contained 
hydroxyl; towards others as though it contained the imino 
group JJH, as represented by the two formulas : — 

The first of these formulas b known as the lactim, the second 
as the lactam formula. 

The relation of isatine to indigo will be discussed briefly 
under the head of Indigo. 

Meta- and Para-amino-benzoic acids are made from the 
corresponding nitro acids by reduction. 
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Hippurio aoid, benzoyl-amino-aoetic aoid, 

0,H»NOa {ObH, . CONH . CHjCO^). 
Hippuiic acid, as has already been seen (Exp. 68), occurs in 
tlie urine of herbivorous animals, as the cow, horse, camel, and 
sheep. Some hippuric acid is found in human urine under 
ordinary circuni stances. If benzoic aeid is taken with the 
food, it appears as hippuric acid in the urine, while derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippuric acid can be made synthetically from benzoic acid 
and acetic acid: 

1. By heating glycine with benzoic acid to 160° : — 



2. By heating benzamlde with chlor-acetio acid : — 



3. By heating glycine with benzoyl chloride : - 

^NHH _ NH.C( 

- CO>H + ^^ ■ ^^^'^' = ^^' < CO.H 

Hippuric acid crystallizes from water in long, orthorhombic 
prisms which melt at 187°. 

It is decomposed into benzoic acid and glycine by boiling 
with alkalies, and more readily by boiling with dilute acids 
(Exp. 68) : — 

CH,<^^^^'"=^ + H,0 = CH,<^^^ + C.H..CO^. 

NOTB FOR Stcdeht. — What relation does hippuric acid bear to ben- 
zamide ? What Is the effect oE boiling acid amidea with alkalies ? Write 
the equation for the decomposition of benzamide, and compare it with 
that for the decomposition of hippuric acid. 
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Sulpho-beozoic acids, CbH* < . — When sulphuric 

acid or sulphur trioxide acts upon benzoic acid the principal 
product is generally meta-sulpho-beuzoic acid. The ortho- and 
pararacids can be made by oxidizing ortho- and parartoluene- 
Bulphonio acids : — 

^'"' ^ SOjOH ^ ^'"^' ^ SO,OH- 
When the amide of ortho-sulpho-benzoic acid is oxidized with 
potassium permanganate it gives the potassium salt of a com- 
pound of the formula, C,H4<™ >nh, which has been called 
benzoic aulphinide, and on acidifying, this is precipitated : — 

^•"* ^ SO,OH "* ^'"* < S0,C1-^ ^""^ < SO,NH, -* 

COOH ^CO 

^'^* < SO JiH, -^ ^'^' < SO, > ^^- 
Benzoic sulphinide has five hundred times the sweetening 
power of cane sugar, and in consequence it has come into ex- 
tensive use as a sweetening agent. lu commerce it is known 
as saccharin. It is a crystallized substance rather difficultly 
soluble in water. It is soluble in acetone, and crystallizes 
beautifully from this. 

Toluic acids, CbHsO^. — There are four acids of this formula 
known ; viz., the three carboxyl derivatives of toluene in which 
the cai'boxyl enters into the benzene ring, CtH4< ' and an 
acid obtained from toluene by replacing a hydrogen of the 
methyl by carboxyl, thus, CaHj.CHj.COjH. Orlho-, meta-, 
and para-tohiic acids, C«H4< ° are made by oxidizing the 
corresponding xylenes with nitric acid : — 

CH. +^'°- 
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They, as well as their derivatives, of which many are known, 
have been studied carefully. The substituted toluic acids can 
be made either by treating the acids with strong reagents ot 
by oxidizing substituted xylenes: — 

C.H,(KO,) < CH + ^ ^^ = 0,H,(NO,) < ^^^ + Hfi. 



^olmoaoid, lo^02(C«Hi.CHj.COsH).-Just as 

Phenyl-acetio aoid, ) 

benzoic acid may be regarded as phenyl-formic acid, so «-toluie 
acid may be regarded as phenyl-acetic acid. It is obtained by re- 
ducing mandelic or phenyl-gly colic acid, CbHs- CH{OH) . CO^H, 
which is formed when amygdalin is treated with hydrochloric 
acid. It is prepared from toluene by converting this into 
benzyl chloride, from which the cyanide ia made by boiling with 
potassium cyanide. The cyanide is then treated with an alkali, 
and yields the acid ; — 

C.H5 - CHj + CI5 = CaH, . CH^l + HCI ; 

BolJlng toluene llcniyl chloride 

CjH^.CHsCl +KCN =CbH5.CHjCN +KC1; 

Beniyl estaUe 

CgH, . CHjCN + 2 H2O = CH, . CH, . CO^H + NHj. 

E-Tolulo iFld 

The acid crystallizes in thin laminae ; and melts at 76,5°. 

Note for Student. — What would you eipect o-toluic acid to yield 
when oxidised ? (See p. 270.) What would you expect it to yield when 
diBtilled with lime 1* What would you expect the Uiree toluic acids, 
C»H4<„_' , to yield by oxidation, and when distilled with lime? (See 
p. 824.) 

Oxindol, CbHjNO (coHi < ° g' > Co). — Osindol is obtwned 

by reduction of isatine (see p. 328); and also from ortho-amino- 
A-toluic acid by loss of water, in the same way that isatine 
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is formed from ortho- ami no-ben zoyl-formic acid. When a-tohiie 
acid is treated with nitric acid, the para- and ortho-nitro acids 
are formed. The latter is reduced by means of tin and hydro- 
-chloric acid, when oxindol is at once obtained: — 



CH,.COOH_ 

Oillio-»inlrnw-Uili 



C.H,<^ 



MeBitylenio acid. CBH,aOi(C6H3< ^~?;M. — This acid 



has alrtjady been referred to as the firs'; product of oxidation 
of mesitylene. It is the only monobasic acid that has been 
obtained from mesitylene j and, according to the accepted 
hypothesis, it is the only one possible. By distillation with 
lime, it yields meta-xylene. Further oxidation converts it 
into uvitic and trimesitic acids (see p. 270). 

Note for Stuuekt. — Of what special significance is the formation of 
mela-xjleue from mesilylenic acid ? 

Hrdto-cmaiimio .oid 1 0.H,A(0.H,.0H,.0H,'.0O^). 

Phenyl-propionio aoid, j » '" ^ ^ = ' ^"^ 

— Hydro-cinnamie or ^phenyl-propionic acid is obtained by 
treating cinnamic acid with nascent hydrogen : — ■ 

C,H, . CH : CH . CO^H -f H, = C,H, . CH^ . CH, . CO^H. 

p-PheDyl*H-jilc acid p-KenJl'-pruj.iouk'a^Iri 

It is also made by starting with ethyl-benzene, CjHj . CaHj, 
and carrying out the same reactions that are necessary to 
transform toluene into a-toluic acid (see p. 332). It is a 
product of the decay of several animal substances, such as 
albumin, fibrin, brain, etc. It crystallizes from water, in long 
needles, which melt at 48°, It yields benzoic acid when oxi- 
dized. 
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Ortho-amino-hydro- ! c H <; ^^^ ' ^^ ' ^^^ Ti,i8 

cicnamic acid, f * * NHj,,, 
acid is prepared from hydro-cinnamic acid in the same way 
that ortho-amino-a-toluic acid is made from «-toluic acid. It- 
is not obtained in the free state; but, like the ortho-amino 
derivatives of benzoyl-fotmic and of o-toluic acids, it loses 
water, and forms the anhydride. 



N 

styril ia made by treating ortho-nitro-hydro-cionamic acid with 
tin and hydrochloric acid. It is a solid that crystallizes in 
prisms, melting at 160°. It is interesting chiefly for the reason 
that it is closely related to the important compound guinoUne 
{which see). When treated with phosphorus pentachloride, 
hydro-carbostyril ia converted into di-chlor-qninoline. The 
significance of this reaction will appear later. 

Dibasic Acids, C„Hj,_ii,Oi 

The simplest acids of this group are the three phthalic acids, 
which are the di-carboxyl derivatives of benzene, belonging to 
the ortbo, ineta, and para series. 

acid was the first of the three acids of this composition dis- 
covered; and, i^ it was obtained from naphthalene, it was 
named phthalic acid. It is manufactured on the large scale 
by oxidizing naphthalene by means of concentrated sulphuric 
acid in the presence of a little mercuric sulphate at a tem- 
perature of 220°-300''. It can further be formed from alizarin 
and purpurin; and from ortho-toluic acid, ^a^t< nna t^J 
oxidation with potassium permanganate. 
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Experiment 73. Mix 40' naphthalene and 80^ potasslnni chlorate, 
and add this mlztore gradiialty to 400« ordinar; concentrated hydro- 
chloric acid. Naphthalene tetra-chloride, CioHaCl^, is formed in this 
reaction. Wash with water. Qradvally add 40CX ordinary concentrated 
nitric acid (ep. gr. 1.45), and boil in a large retort with upright neclt. 
When all is dissolved, evaporate the nitric acid ; and, finally, distil the 
residue. PbthaJic anhydride passes over. Becrystallize from water. 
This will he used for other experiments. 

Phthalic acid forms orthorhombic crystals, which melt at 
213° or lower, according to circumstances, for, when heated, it 
breaks up gradually, even below the melting-point, into water 
and the anhydride which melts at 128°. Distilled with lime, 
it yields benzene; though, by selecting the right proportions, 
benzoic a^id can be obtained : — 

(1) C^,<^2^^U = C,H, + 2CO,; 



(2) 



"COaH" 



Phthalic acid is oxidized by chromic acid to carbon dioxide 
and water. Hence it cannot be made from o^tho-xylene by 
oxidation with chromic acid. By boiling ortho-xylene with 
nitric acid, however, it yields ortho-toluic acid, '^a^<<nQV i 
and this can be oxidized to phthalic acid by treatment with 
potassium permanganate. 

Phthalic anhydride, C^Hj < „-, > O, is formed by heat- 
ing phthalic acid. It forms long needles, which melt at 128°. 
Heated with phenols, it forms the compounds known as plUhat- 
eina (which see). 

Isophthallc acid, 1 « -a ^^JOjH . . 

-_ ; , ., ,. ., lCoHi<___. , 13 formed by oxi- 
Meta-phthalic acid, f °^ COjH(»)' •' 

dizing either meta-xylene or meta-toluic acid with chromic 
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acid; by distilling meta-benzene-<lisul phonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide witb an 
alkali. 

Note for Stldent. — Write the equations representing the action 
involved in posing from meta-benzeue-disulphonic acid to Isophthalic 
acid. Into which dihydroxy-benzene is this same disulphonic acid con- 
verted by melting it with caustic potash ? 

The acid is formed, further, by heating the potassium salt 
of meta-sulpho-benzoic a«id with sodium formate ; — 

C.H, < gO-^^^j + H . CO,Na = O.H. < ^-"^ 

Potustnin snipho- rotutilum <bi>- 

This reaction is of importance, for the reason that the same 
* Bulpho-benzoie acid, which is thus converted into isophthalic 
acid, can also be converted into one of the three hydroxy- 
benzoic acids; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from water. It 
melts above 300°, and is not converted into an anhydride'. 

is formed by oxidation of the oil of turpentine,' cymene, para- 
xylene, and para-toluic acid; by heating a mixture of potas- 
sium para-sulpho-benzoate and sodium formate: — 

Potassfom para- PolassLum lere- 

Bulpho-benioiie phtboUte 

Para-sulpho-benzoic acid is converted into one of the three 
hydroxy -ben zoic acids by caustic potash. In the para as well 

> Tbe prefix tere \i derired from Itae Latla tereUnt&inat, tnrpeDtine. 
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as the meta series, the lines of conneetioQ indicated below have 
been established : — 

[ \ 1 






Terephthalic acid is a solid that Is practically insoluble in 
water. It sublimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hexabasic Acid 
Mellitic acid, 0|iH,Ot,[Ca(CO^)„].— This acid occurs in 
nature in the fonn of the aluminium salt, as the mineral 
honey-stcme or mellite. The mineral is rare, and is found in' 
beds of ligTiite. Mellitic acid has been made by direct oxida- 
tion of carbon with potassium permanganate, and by oxidation 
of hexa-m ethyl-benzene, Cg(CH3)j. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 
C«(Ca,H), = CbHb + 6 COj. 

Phenol-acids, ok Htdkoxy-acids of the Benzekb Series 

It will be remembered that the alcohol acids or hydroxy- 
acids of the paraffin series form an important class, including 
such compounds as glycolic, lactic, malic, tartaric, and citric 
acids. The peculiarity of these compounds is their double 
character. Tbey are at the same tiiue alcohols and acids, 
though the acid properties are more prominent than the alco- 
holic. The hydroxy-acids of the benzene series bear the same 
relations to the benzene hydrocaibons that the bydroxy-acida 
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already studied bear to the paraffins. The simplest are those 
which contaiu one hydroxyl and one carboxyl in benzene, 
having the formula C«H4< ■ 

MONO-HYDROXY-BENZOIC AciDS, CrHjOj 

Salicylic acid, )„ „ ^OH „ y„„]:„ 

Ortho-hydroxy-benzoie acid. J^°"*^CO=H<-) — "aJ'"?"" 
acid is fouud in the form of an ethereal salt of methyl, in the 
oil of wintetgreen, prepared from the blossoms of OauUheria 
proaimbens. It is formed in a number of ways, among which 
the following should be specially mentioned : — 

1. By converting octho-ajnino-benzoic acid into the diazo 
compound, and boiling with water (see p. 292). 

Note for Student, — Give the equations repraaenting tlie reactions. 

2. By fusing a salt of ortho-sulpho-benzoic acid with caustic 
potash. 

Note fob Studbkt. — Write the equation. 

3. By treating sodium phenolate with carbon dioxide. The 
sodium salt is first saturated with carbon dioxide under press- 
ure in closed vessels. This gives sodium phenyl carbonate, 
CsHf.O.COjNa. By heating this to 120-130° under pressure 
it is converted into sodium salicylate:: — 

.OH 

4. By heating phenol with tetra-chlor-methane and an alco- 
holic solution of potassium hydroxide : — 

^ COjK ^ 

5. By saponifying the methyl salicylate found in oil of 
wintergreen: — 
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Rxp«riment 74. Boil 80™ to 40" oil of winlergreen with moder- 
ately strong canatic potaah in a flask connected nith an inverled con- 
denser. When It Is disHolved, acidify with hydrochloric acid. Filter ofi 
the salicylic acid which separates, and recryslallize from water. 

Bxpertment 75. Dissolve 80* sodium hydroxide and 10^ phenol in 
130°' water in a litre Sask, arranged as in Fig. 17. If the mixture is cool, 
heat to 60-60°, and remove the flame. Slowly add 00* chloroform, shak- 
ing the mixture for several miuutes after each addition. The mixture 
gradually becomes 4^lc colored. An hour or more may he required 



Fig. IT. 

to complete the addition of all the chloroform. When the action Is over, 
boil for an hour, and then distil off the excess of chloroform on the water- 
bath. Acidify witli dilute hydrochloric acid, when a thick reddish brown 
oil comes down. Distil in steam as in Exp. 67, until the distillate no 
longer appears in milky drops. A light-colored oil consisting of salicylic 
aldehyde and phenol settles in the receiver. Decant the supernatant 
water. Extract with ether, and concentrate the extract by evaporation 
In a water-hath. To the concentrated extract add a saturated solution 
of mono-sodium sutphit« (freshly prepared by dissolving 40( sodium 
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sulphite in 75™ hot water, cooling the solution, and saturaUng with 
sulphur dioxide). Shake the mixture 8 or 10 times, 2 or 3 minutes at a 
time, for half an hour ; then allow it to stand for several hours. The 
aldehyde unites with the sulphite, forming small, glistening, white 
crystals, while the phenol remains in solution in the ether. Filter with 
the aid of a pump, and wash the crjGtals with alcohol. Then treat the 
crystals on tlie water-bath with hydrochloric aeid, when salicylic alde- 
hyde is thrown down. Extract completely with ether, separate the two 
solutions, and evaporate the ether. 

In an iron or silver dish, melt 25* caustic potash ; remove the lamp ; 
and add the salicylic aldehyde drop by drop, stirring constantly. The 
potassium salt of salicylic acid is thus formed. After the mass js cooled, 
dissolve in water, and precipitate the salicylic acid with dilute hydro- 
chloric acid. Filter, wash with cold wat«r, and purify by recryatalliaing 

The action of chloroform on phenol in the presence of caustic 
soda is analogous to that of tetra-ehlor-methane. It will be 
understood with the aid of the following equations: — 

■-CHC1,+ 
,0H 
^CHCl,'' 

(3) <=.H.<c2(0H).= °-"'<CH0 + "-''- 

This reaction is of general application to phenols, and affords 
a very convenient method for the preparation of the phenol- 
aldehydes and from these the acids. 

Salicylic acid crystallizes from hot water in fine needles. It 
melts at 159°, 

When heated with soda-lime, it breaks up into phenol and 
carbon dioxide : — 

C,H, < ^J jj = C„H, . OH + COi. 

Heated alone it gives phenyl salicylate (salol) and xanthone: — 
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(1) 2C,H,< 



PHENYL SALICYLATE 

OH ^cH<r*^^ 4. 

COOH * ' COOC„Hj 

Phenyl uUcylale (uUd) 



With fetrio chloride, its aqueous solutiou gives a characteristic 
dark violetrblue color. Free salicylic acid is antiseptic, pre- 
venting decay and fermentation. It is therefore used for pre- 
serving foods. It is also used extensively iu medicine, 
especially in rheumatism. 

Salicylic acid forms salts of the general formula C(H,< _ ; 
and, with the alkalies, compounds, in which both the phenol 
hydrogen and the acid hydrogen are replaced by metals, as 
CaH4< Saltsof the latter order, which contain the metals 

of the alkaline earths, are decomposed by carbon dioxide. The 
basic calcium salt, CbH,< >Ca+HjO, is very difficultly 
soluble in water. Salicylic acid forms ethereal salts of 
the general formula CaHi<_„_,of which methyl salicylate. 



^COjR' 
^COaCH,' " 



C»H4< , is the best-known example. It forms, also, 



ether-acids of the general formula CbH,<p„ „; and, finally, 

compounds of the general formula Ca^t<QQ n" 

A very large number of substitution-products and other 
derivatives of salicylic acid have been studied. 

Phenyl salicylate (aalol), CeH,<pQQQ„ . — This is 

formed when salicylic acid is heated alone to 200-220°, and 
when salicylic acid, phenol, and phosphorus oxychloride are 
heated together. It ia a solid that melts at 43°. It is exten- 
sively used as an antiseptic. 
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That salicylic acid belongs to the ortho series is cleai from 

the following facts : — 

Ortho-tolueoe-sul phonic acid has been converted into oitho- 
sulpho-benzoic acid, and this into salicylic acid. Further, the 
same toluene-sulphoidc acid has been converted into ortho- 
toluic acid, which, by oxidation, yields phthalic acid. 

OrUio-to]uen.-Bu]phonlc Ortbo-anlpho-beDwhl 

(2) C,H.<^°^J +KOH_C,H,<™'''^ +K,80,: 



^SOsK,., ^ ' *^CN,., 



+ H 



(4) C.H,<™' +2H,0 = C.H,<™' +NH.i 



(5) C,H,<gJg_ +3 -CA<J;°'^_ +HA 



Oiybsazoic acid, j o,H,<°H ._xMs 

Meta-h^arozy-benzoio acid, i COjHj^j 

acid is made from meta-amino-benzoic and meta-sulpho-benzoic 
acid by the usual reactions. 

It crystallizes from water in needles united to form wart- 
like-looking masses. It gives no color with ferric chloride. 
Its connection with meta-phthalic (isophthalic) acid and meta- 
xylene is shown by means of the transformations tabulated on 
p. 337; that is to say, the same sulpho-benzoic acid which, by 
fusing with caustic potash, yields oxybenzoie acid, by fusing 
with sodium formate yields isophthalic acid. Therefore oxy- 
benzoie acid is a meta compound. 
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Para-oxybenzoio aoid, i ^^ ^ OH + H O 

Para-hydroxy-benzoio aoid, I CO^H^^j " 

Para- osy benzoic acid is formed from the corresponding amino- 
and sulpho-benzoic acids; by treating various resins with 
caustic potash ; from anisic acid (see below), by heating with 
hydriodie acid; by heating potassium phenolate in a current 
of carbon dioxide to 220°. 

Note fob Stcdent, — Notice the fact that, while iodium pheDolate, 
when heated in a current of carbon dioxide, yields salicylic acid, poCas- 
aium phenolate, under the same circumBtanceB, yields para-osybenzoic 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with chloroform and caustic soda (see Exp. 75). 

The reasons for regarding para-oxybenzoic acid as a member 
of the para series are similar to those which show that oxyhen- 
zoic acid is a meta compound. The same sulpho-benzoic acid 
that yields para-oxybenzoic acid also yields terephthalic acid. 

Anisic acid, l C H < ^*^^' Anisic 

Para-methoxy-benzoio ' aoid, j ' * CO^Hf^,' 

acid is formed by the oxidation of aoetbol, CgHj < f. h '' * 
phenol ether contained in anise oil. It is made by heating 
para-oxybenzoic acid with caustic potash and methyl iodide 
and saponifying the di-methyl ether thus formed. As the 
formula indicates, it is the methyl ether of pararoxy ben zoic 
acid. As will be seen, it is isomeric with methyl salicylate. 
By boiling with caustic alkali the latter is saponified, while 
anisic acid is not. When anisic acid is distilled with lime, 
anisol is formed. 

Dl-HYDROXY-BENZOIC AciDS, C7H80, 

Protocateohuic acid, C^Hj { __ ' is a frequent product 

etber group, OCH,. Id a 
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of the fusion of organic substances with caustic potash. Thus, 
the following substances, among others, yield it; oil of cloves, 
piperie acid, catechin, gum benzoin, aaafcetida, vanillin, etc. 
It is made from sulpho-oxy benzoic acid, and from sulpho-parar 
oxy benzoic acids by fusing with caustic potash. 

NoTB FOB Stituent. — What analogy is there betireen the fact that 
. protocatechnio acid in fonned from sulpho-oxybenzoic acid and from 
aulpbo-para-osy ben zoic acid, and the fact that pBeadocuniene is formed 
from brom-meta-xylene and from brom-para-sylene ? What couclnsioD 
may be' drawn regarding the relations of the two hydroxyl groups, and 
the carboiyl in protocatechuic acid ? 

By distillation with lime, protocatechuic acid breaks up into 
pyrocatechol and carbon dioxide : — 



(OH 
CgHjOH =C,H,. 
(cOjH 



OH 



fOCH, 
Vanillic acid, Og^J OH , is fonned by oxidation of 

Ico^ 

vanillin, which is the corresponding aldehyde. It is the mono- 
methyl ether of piotooatechuic acid. 

/ fOCHjN ' 

Vanillin, CgHgO,^ CgH, \ OH ), is the active constituent 

^ ^CHO'' 

of the vanilla bean. It is made artificially by treating the 
ether, guaiacol, CsH4<f,,, ', with chloroform and caustic soda. 



rCHO 
Piperonal, OgEC,j O^qjj. — This is formed by oxidizing 

piperie acid, which is itself a product of the decomposition of 
piperine, a complex compound that is found in different 
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varietiea of pepper. Piperonal is the methylene ether of 
protocatechuic aldehyde. It can be made artificially, and is 
used in perfumery under the name heliotropine. The relations 
between protocatechuic aldehyde, vanillin, and piperonal are 
shown by the following formulas : — 

/ CHO (1) / CHO (1) ( CHO (1) ' 

CsHj^OH (3) C,HJ0CH3(3) C,H J O p„ (3) 

(OH (4) lOH (4) (0 '(4) 

Prolocatecbnlc VioUlln Piiwronal 

■Ldehyde (llellatraplne) 



Tri-htdkoxt-benzoic Acids, C,H«Oj 



<^^^^' + H,0). -Gallic 
acid occurs in nutgalls, sumach, Chinese tea, and in many 
other plants. It is formed by boiling tannin or tannic acid 
with dilute sulphuric acid; by melting brom-protocatechuio 
acid with caustic potash: — 

CeH, i (OH ), + KOH = CH, < ^*J.^» + KBr. 



It is best prepared from gall nuts by hydrolysis of ' the 
tannin contained in them. 

Gallic acid is difficultly soluble in cold water, easily in hot 
water, alcohol, and ether. Its solution gives, with a little 
ferric chloride solution, a blue-black precipitate, which dis- 
solves in excess of ferric chloride, forming a dark green 
solution. It readily reduces gold and silver salts in solution. 
When distilled, it yields pyrogallol (pyrogallic acid) and 
carbon dioxide : — 

0,H, < JiJJ^" = C»H,(OH), -l-CO.. 



"~C0^ 
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Tannic acid, tannin, 0„H,uO« + 2 H^O. — This substance 

occurs in gall nuts, from which it is esti-acted in large quau- 
titiea. It is an amorphous powder. It is markedly astringent. 
It is soluble in water, the solution giving, with ferric chloride, a 
dark blue-black color. Tannin is used extensively in medicine, 
in dyeing, and in the manufacture of ink and leather (tanning). 
It combines with gelatin, forming an insoluble subatance. Its 
relation to gallic acid is indicated by the following equation : — 



Ketones and Allied Derivatives of the Benzene Series 

The ketones of the benzene series are sti-ictly analogous to 
those of the paraffin series, and they are made in the same 
way. Acetone is made by distilling calcium acetate: 



CH,.CO;0^ 

chJooo" 



So, alao, benzophenone or diphenyl-ketone is made by distill- 
ing calcium henzoate : — 



Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 



Etliyl-methyl 

And, similarly, mixed ketones containing one residue of a 
benzene hydrocarbon and one of a paraffin, or two different 
residues of benzene hydrocarbons, can be obtained thus : — 



Doiizccb, Google 



<1) 



0,H,.OOOM _ CA 
CH,.COOM ~CH, -^ 



C.H:.COOM 

CH, =X'>CO + M,CO, 



= C.H., 



PheDyl-tolyl-ketone - 

lateresting results have been reached through a study of the 
oximes of the aromatic ketones. It has been shown that while 
the symmetrical ketones, like benzophenone, CgHi-CO.CaHj, 
give but one oxime, some of the un symmetrical ketones, like 
phenyl-tolyl-ketone, CaHj.CO.CeH^.CHg, give two. This is 
quite in accordance with the views already set forth in regard to 
the stereochemistry of nitrogen compounds (see Ben zald oxime, 
page 320). In the terms of stereochemistry the two formulas 



C,H..C.C.H, 


and 


C,H..C.C.H, 

11 


HO.N 




N.OH 



are identical, so that a symmetrical ketone can give but one 
oxime. On the other hand the formulas 

CbHs.C.C,H4.CH» CaH,.C.C.H4.CHj 

II and II 

HO.N N.OH 

are different, so -that an unsymmetrical ketone can give two 



QulNONES 

The qtiinones are peculiar compoxinds which in some ways are 
allied to the ketones. The simplest example of the class, and 
the one best known, is called quinone. Its formula is CoHjOaj 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to the hydrocarbons, of which they may be regarded 
as derivatives. 
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Quinone, CeH,Oi, is formed by the osidation of quinic acid, 
hydroquinol, para-diaini no-benzene, and some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It is usually made by oxidizing aniline with sodium bi- 
chromate and sulphuric acid. In the laboratory it is most 
convenient to make it by oxidizing hydroquinol. 

It forms long, yellow prisms; sublimes in golden-yellow 
needles ; is volatile with steam ; and has a peculiar penetrating 
odor. 

Sulphurous acid reduces quinone to hydroquinol : — 

C»H,Oj -t- HsSOs -f- H,0 = C(fl4(0H), -|- HjSO,. 

The easy transformation of hydroquinol into quinone, and 
the opposite transformation of quinone into hydroquinol, as 
well as the formation of quinone from other para compounds, 
force us to the conclusion that the oxygen atoms in quinone 
are in the para position relatively to each other. Quinone 
appears, therefore, as benzene containing two oxygen atoms in 
the para position as represented in the formula: — 
CO 
Hc/NCH 



cl JCH 



As quinone forms a monoxime, C,HiO(NOH), and a dioxirae, 

CbH4{N0H)„ and takes up four atoms of bromine and of 
chlorine, it is generally regarded as a di-ketone of the formula— 
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According to this view quinone is not, strictly speaking, a 
derivative of benzene, but is derived from diliydrobenzene : — 

HCil^\cH 



HCll l)CH 
CH, 

If tbe di-ketone formula 13 correct, quinone may be regarded 
as derived from a dibasic acid in the same way that a simple 
ketone is derived from a monobasic acid. Thus, the calcium 
salt of an acid of the formula ^^^^<Qnnn °^S^^i according 
to this view, to yield quinone by distillation: — 

^^^<mo>''^. CO 

7--,-^--------;= C,Hj<':X > C,H, + 2CaC0i. " 

|coo]^^;^ 

Several quinones have been studied. Under the head of 
Anthracene we shall meet with an important one called anthra- 
quiuone, which has been made by reactions that prove it to be 
a di-ketone in the sense in which this expression is explained 
above. 



Ortho-benzoquinone, isomeric with the well-knovm para 
compound, has recently been prepared from pyrocatechinol. 
It is probably to be represented by the formula : — 



CH 
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Ptbidine Babes, CHHNa,.BN 
The pyridine bases are formed in the distillation of bones, 
certain bituminouB shales, and coal, and were first isolated from 
bone oil, which is a complex mixture of many substances. At 
present these bases are obtained principally from coal tar. The 
principal members of the group are pyridine, picoline, lutidine, 
and collidine. They form an homologous series : — 

Pyridine C.HjN 

Picoline CbH,N 

Lutidine CjHsiN 

Collidine CgH„N 

The formation of these bases in the distillation of bones is 
due to the presence of acroleTn, ammonia, methylamine, etc., 
and their action upon one another at high temperatures. 
Members of the series arS formed whenever aldehydes of the 
fatty series are heated with ammonia. For example, ordinary 
aldehyde and ammonia give methyl-ethyl-pyridine, CjHuN, 

4 C^HjO + NH, = CbHuN + 4 HjO ; 
and acrolein and ammonia give /3-picoline : — 

2 CaHP + NHa = CgH.N + 2 H,0. 
Pyridine and picoline are also formed when glycerol is 
distilled with ammonium sulphate and sulphuric acid. 

An interesting synthesis of pyridine is effected by passing 
acetylene and hydrocyanic acid together through a heated 
tube. This is analogous to the synthesis of benzene from 
acetylene:- 3C,H, = CaH,; 

2 CjHj + HCN = aHiN. 
Pyridine can also be jnade from penta-methylene-di amine by 
first subjecting the hydrochloric acid salt of this substance to 
dry distillation and heating the product thus formed with sul- 
phm'ic acid : — 



Diailizc^^vGoOgle 



^^_^^^CH».CBt, 



>MH -*. HC<^' 



Pyridine, O^H^N. — Pyridine ia found in commercial am- 
monia, and ia formed, as stated above, in the distillation of 
bones, of certain bituminous shales, and of coal.. It has been, 
prepared from a number of its carboxyl derivatives, as, for 
example, from nicotinic acid, CjiHIN . CO^, which is formed - 
when nicotine ia oxidized with nitric acid. The formation of 
pyridine from quinolinic acid, a dicarboxyl derivative of pyri- 
dine, is of special importance, as it leads very clearly to a con- 
ception of the constitution of pyridine. Quinoline (which see) 
will be shown to have the constitution represented by the 
formula — 

HC^ CH 

NCH 



When it is oxidized it gives the dibasic acid above referred to, 
quinolinic acid, 



c.^^ 



When this is distilled with lime it loses carbon dioxide and 
gives pyridine ; — 

CH 



„i 







2 CO, 
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According to this, pyridine is benzene containing a nitrogen 
"atom in place of one of the CH groups. The question in re- 
gard to the linkage of the groups and atoms in pyridine is a 
difficult one to deal with, and it need not be discussed here. 
Suffice it to say that the above hypothesis, as to the relation 
between benzene and pyridine, is in accordance with all the 
facts known. 

Pyridine is a liquid with a peculiar, sharp, characteristic 
odot. It ia misoible with water in all proportions. It boils 
at 115°. It acts like a nionacid base, forming salts like 
C,H.N.HC], CHjN.HNOa, CjHjN.H^SOu etc. It unites with 
alkyl iodides like methyl iodide, ethyl iodide, etc. When 
these compounds are treated with silver hydroxide, they form 
the corresponding hydroxides, which are strong bases. The 
compounds with the alkyl iodides are converted by heat into 
salts of homologues of pyridine. For example, the ethyl iodide 
addition-product of pyridine is transformed at 290° into ethyl- 
pyridine hjdriodide : — 

C,H^ . CjH^ = C,H. . CjH^N . HI. 

The view above presented has suggested various lines of in- 
vestigation. Thus, if the above formula represents the rela- 
tions between benzene and pyridine,,it iaelear that the existence 
of three isomeric mono-substitution products of pyridine ought 
to be possible. For example, there should be three methyl- 
pyridiues or picoliues, three pyridine-cai'bonie acids, etc. The 
three picolines should correspond to the forniulas 

H H CH, 

HC/ \CH HC/ ND.CHj HC^ \CH 



/C.CH, 



).CHj 

II II 



All three picolines are known ; and, by oxidation, they are 
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converted into the three pyridine-carbonic acids, CsH,N . CO^H ; 

and these, when distilled with lime, yield pyridine and. carbon 
dioxide. 

Lutidines, C^H.^CCH^'i^'S. — No less than six isomeric vari- 
eties of dim ethyl pyridine are possible according to the theory. 
Five of these have been prepared in pure condition. By oxida- 
tion they yield, first, monobasic acids, and then dibasic acids. 
When the monobasic acids are-distilled with lime, they yield 
picolines. The dibasic acids give pyridine : — ' 

NC.H.<™; ^ NC.H.< ™^ -. NC.H.<J;°'|; 

^*^'"'^ CO H " ^*^'^* ■ ^^' + ^^» • 
HC»H3<^^'JJ = NCsH. + 2 CO^ 

Oonyrine, propylpyridine, NC,H,.03H,, — This base is 
formed when conine is heated with zinc chloride or when the 
hydrochloride of conine is heated with zinc dust. It ia con- 
verted into pieolinic acid by oxidation, and is reduced to conine 
by hydriodic acid. 

The pyridine bases unite with two, four, or six atoms of 
hydrogen. Some of the alkaloids are derivatives of the addi- 
tion-products thus formed. 

Piperidine, CjHi,N. — This base is formed from piperine, a 
constituent of pepper. It has been made by adding hydrogen 
to pyridine by means of sodium and alcohol : — 
C.H,N-t-6H = CiHuN. 

/CH,-OH-CsH, 
Conine, propylpiperidine, CH, ^NH . — This 

base occurs together with others in hemlock (ConiummactilcUiivi). 
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It ia a colorless liquid, and is a violent poison. This is the 
first alkaloid that was pi'epared artificially, and it is therefore 
of special Interest. The steps taken are indicated below : — 



CH,OH 
I 
CH — 

CH, 



CHjBt 
I 
-^ CH - 

CH, 

AUyl twoDilde 



CHjBr 
I 
t~ CH, - 

CH.Br 

bromfda 



CH,ON 

I 

- CH, — 
I 
CHjCN 

Tll-utetllTlwie 



CH,.CONH, CH,CH,NH, 



> 



CH,. CONH, 



- CH, 



CH,.CH/ 

Firwridlne 



CH,-N-I 



d^H 


"V 


3H 


"<\/ 


CH 
pyridine 


CH 




CH 


It 






NH 


t^T 


= CH.CH, 


- 


H,C/\CH. 

"h,(J^h, 


CH 






CH, 



The change from picoline to allyl-picolioe ia effected by 
means of paraldehyde. The conine thug obtained is optically 
inactive, whereas that obtaiued from hemlock is dextro-rotatory. 
By means of the salt with d-tartaric acid, the inactive conine 
can be resolved into the two active varieties. The d-conine 
thus obtained is identical with natural conine. 

[Is there an asymmetric carbon atom in conine ?] 
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Terpenes are hydrocarbons found in various coniferous tre^. 
The volatile oil from these trees consists of hydrocarbons of 
the composition CwH,,. The ethereal oils that are obtfuned by 
distilling fruits of many citrus varieties with water have the 
same composition. In some oils obtained from natural sources 
terpenes are found mixed with other substances, especially 
such as contain oxygen. 

The terpenes can be classified into: — 

(1) Terpenes, C^H^; 

(2) Sesquiterpenes, CijHm; 

(3) Diterpenes, C»Hsj; 

(4) Polyterpenes, {0,oH„)^ 

All of these hydrocarbons are related to hexahydroeymene, 
C H, C H, 
CHaHc/^ \CH . CH(CH,)» 
CH, CHj 

This is shown by the fact that many of the terpenes are 
converted by gentle oxidation into cymene, and by oxidation 
with nitric acid into ^toluic and terephthalic acid. 

Some of the terpenes take up one molecule of hydrochloric 
acid, others take up two molecules. They also combine with 
water and form hydrates. They are easily polymerized by 
heat or by shaking with sulphuric acid or with boron fluoride. 

The terpenes proper, of the formula, CjoHij, may be con- 
veniently divided into three groups : — 

1. Olefin-terpene Group; 

2. Terpane or Menthane Group; 

3. Camphane Group. 
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1. Olefin-tekpene Group 

These compounds are not theioselvea derivatives of hydro- 
oymene, but they are easily converted into such derivatives. 
They are unsaturated paraffins. The only ones that need be 
mentioned here are isoprene, CjHj, and anJij/drogeraniol, GioHia. 
The former is an example of a hemiterpene. It is formed in 
the distillation of caoutchouc. It is probably methyl-divinyl. 



"%- 



CH = CH^ 



Anhydrogeraniol is formed from geraniol, CmH^O (which 
see) by elimination of water. It probably has the structure 
represented by the formula 

(CH3)2C = CH.CH,.CHo.C(CHa) = C = CHi. 

As will be seen, it contains three double bonds. It has 
the power to take up six atoms of hydrogen or of brom- 



Geraniol, Cu,HuO, is contained in Indian oil of geranium 
and in a number of other ethereal oils. Its properties show 
clearly that it is a primary alcohol. By oxidation with chromic 
acid it gives an aldehyde, geranial, C,oHigO, and an acid, gerania 
add, Cb)H^(. Geranial loses water and gives cymene: — 



CH(CH,}s " CHCCHs), 



CH, 

OHO \:h 


A 

HC CH 


1 II = 


1 11 +HA 


HO CH 
V 


HC CH 


OH, 


I 

CH, 
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2. Terpane or Menthane Group 
The characteristic property of the members of this group is 
their power to take up four atoms of bromine or two molecules 
of hydrochloric or of hydrobromic acid. 

Limonene, dipentene, 0,nH,^ — This is known in three 
varieties — deaSro, leva, and inactive. The inactive variety 
occurs with ciueol in Ol&um cinee, and is formed by heating 
pinene and camphene to 250-300°, and is therefore contaiued 
iu Kussian and Swedish oil of turpentine. d-Liraonene is 
found in oil of lemon, oil of bergamot, and a number of 
other ethereal oils. Oil of orange peel is almost entirely 
(Mimonene. With bromine it forms a tetra^bi-omide, CioHigBr^, 
that melts at 104-105°. ^Limonene is found in the oil of fir 
needles (Pinus syloestiis) and in oil of fir, together with 
t pinene. 

Limonene probably has the constitution represented by the 
formula — 

I 



h/^ \;h 



HaC 



t-Menthol, CioH„(OH). is a solid, melting at 42° and boil- 
ing at 212°. It is the chief constituent of oil of peppermint. 
It is a hydroxyl derivative of hesa-hydrocymene, CioH«>. 

3. Camphene Group 
The two most important members of this group are pinene 
and camphene. Among the oxygen derivatives of camphene 
is camphor. 
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Pinene, Ci^i^ — This is the principal ingredient of the 

various kinds of oil of turpentine obtained from different 
varietiea of pine. It also occurs in a uumber of ethereal 
oils. It combines with one molecule of hydrochloric or of 
hjdrobromie acid ; with two atoms of bromine ; and with one 
molecule of water. When heated to 250-270° it is Converted 
into an isomeric hydrocarbon, dipentene (limonene). Pinene is 
known in three varieties — dextro, levo, and inactive. d-Pinene ■ 
is obtaiued from American oil of turpentine ; Z-pineue from 
.the Prench. The inactive variety is formed by combination 
of the two active varieties. 

Pinene contains one double bond, as is shown by its union 
with one molecule of hydrobromic acid, and with two atoms 
of chlorine and of bromine. The constitution of pinene has 
not been definitely determined. 

d-Pinene hydrochloride, 0|oHi,01, is formed by conduct- 
ing dry hydrochloric acid gas into pinene. It is a crystalline 
solid with an odor like that of ordinary camphor. It is called 
artifieial camphor. When heated alone, or with bases, hydro- 
chloric acid is split off and a hydrocarbon isomeric with piuene 
is formed. This is campAene. 

Oil of Turpentine. — When incisions are made in the trunk 
of various conifers, a liquid exudea which is known as turpen- 
tine. Most of that which comes into the market is obtained 
from Pinus australis, growing in North America. The volatile 
constituent of turpentine is oil of turpentine. The other is 
ahietic acid. These are separated by distillation, If the distil- 
lation is carried on without the addition of water, the residue 
is ordinary rosin (colophony). 

Oil of turpentine dissolves sulphur, phosphorus, and caoiit> 
chouc, and is used in the preparation of varnishes and oil colors. 

Camphene, C^^,^ — This terpene is formed from bomeol 
(which see) by heating it with acid potassium sulphate and by 
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treating it witb other reagents. There are several varieties of 
campliene known. It has already been stated that a camphene 
is formed by the elimination of hydrochloric acid from the 
hydrochloric acid addition-product of /-piuene. That which 
is thus obtained is known as tcamphene or terecampJiene. 
Similarly a d-camphene is obtained from the pinene obtained 
from American oil of turpentine. Camphene has been shown 
to have the constitution represented by the formula, — 
CH, - CH - CH 
CH,-C-CHs 

CH, - C - OH 
I 
CH, 

It is closely related to camphor, which is formed from it by 
oxidation. 

Camphors 
Borneo], Borneg camphor, 0,oHig[0,„Hi,(OH)]. — Borneo 
camphor is found in cavities in a tree (Dryobidanops campkora) 
that grows in Borneo, Sumatra, etc. This variety is dextro- 
rotatory. The levo-rotatory variety is foand in the camphor 
from valerian oil, and inactive borueol is formed by bringing 
together d- and J-bomeol. Borneo! ia much like ordinary cam- 
phor or laurinol, but its odor resembles that of pepper. When 
laurinol is treated with sodium and alcohol, it gives both d- and 
{-borneol : — 

2 Cu,Hi,0 + 4 H = C„H,sO + CoH^O. 

Laurinol d-Boineol f-Borneol 

Both of the active varieties are oxidized to laurinol by nitric 
acid. Borneol is a secondary alcohol, as is shown by the action 
of phosphorus pentachloride and of glacial acetic acid. The 
former gives bornyl chloride, CioHifCI, which is identical with 
pinene hydrochloride : — 
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Ck,H„(OH) + PClj = Cu,H„Cl + POCI3 + HCI. 
The latter gives an acetate : — 

C„H„(OH) + HOOC . CH, = Cu,HbO . OC . CH, + H,0. 

Camphor, laurinol, CnH,eO. — This is the substance ordi- 
narily called camphor. It is obtained in China and Japan 
from different 3i>ecies of the genus Camphora of the Laums 
family by distilling the finely cut wood with water vapor. It 
is purified by sublimation. It is a colorless mass that can he 
crystallized from alcohol and sublimes in lustrous prisms. The 
ordinary form is dextro-rotatory. Both the other possible 
stereoisomeric forms are known. Camphor is reduced to 
bomeol by hydrogen from sodium and alcohol. It can be 
made by oxidizing borneol or camphene. When distilled with 
phosphorus pentoxide, camphor gives cymene : — 

CmH„0 - Cu,H„ + H2O. 
The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170°. 

The reactions of camphor show that it is a saturated ketone. 
The ease with, which it is converted into cymene makes it 
highly probable that a methyl group and an isopropyl group 
are present in the compound in the para position in a benzene 
ring. When heated with iodine it gives carvacrol by loss of 
two atoms of hydrogen. Carvacrol is isomeric with thymol, 
the hydrosyl being in the ortho position to the methyl group 
as shown in the formula — 

I 



HC. jCiON) 



D,a,l,zc.bvG00gIf 



CAMPHOR 361 

This makes it appear highly probable that the oxygen in cam- 
phor is ortho to methyl. Other facts that have been brought 
to light in investigations of the oxidation-products of camphor 
indicate that the group, C(CH3)b formed from isopropyl is 
united with two para carbon atoms of the benzene ring. All 
this la shown by the formula for camphor now generally 
accepted by chemists: — 

yCHx 

I HjC . C . CHa I 
HiCx. /CO 



The relation between borueol, camphor, and camphene i 
shown by the formulas, — 



H.c/ |\o„. „.c/T\c„, 

:.C.CHal IHsCC.r" 

I ,00 „.c I 
~ c/ \ c ^ 

CH, GH, 



iHsC.C.CHal IHaCC.CHsl iHsC.C.CHjll 

HiC^ I /CO H^C^ I ,CH(OH) HjC, I ,C 
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CHAPTER XVI 

DI-PHEKYI^METHANE, TRI-PHENYI^METHAHE, TETRA- 
PHEHYI^HETHAHE, AND THEIR DERIVATIVES 

As we have seen, toluene may be regarded either as methyl- 
benzene or phenyl-raethane. Of course, according to all that 
is known regarding similar substaaces, the two views are identi- 
cal. Regarding it, for our present purpose, as phenyl-methane, 
ICsHs 
H 
This suggests the possibility of the existence of such sub- 
stances as 

fC,H, 

JM-pketiyl-met/imie '-'Ih' 



Tri-phenyl-methane ^Ip'h* 



and Tetrorpheni/l methane 



lc,H5 



All these hydrocarbons are known. The derivatives of tri- 
phenyl-methane are of special interest and importance. 
There is one reaction by means of which these hydrocarbons 
3a2 
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can be made very readily. It has also been used for the synthe- 
sis of many other hydrocarbons. It depends upon the remark- 
able fact that, when a hydrocarbon is brought together with a 
compound containing chlorine, and anhydrous aluminium chlo- 
ride then added, hydrochloric acid is evolved, and union of the 
two substances is effected, the aluminium chloride not entering 
into the composition of the product. Thus, when benzene and 
benzyl chloride, C^H, .CHjCl, are brought together under ordi- 
nary circumstances, no action takes place ; but, if some solid 
aluminium chloride is added, reaction takes place according to 
the following equation: — 

CeHs.CH,CH-CeHg = CaHs.CHs.CsH,-|-HCl, 

Ul-pbeDjl-meltiniie 

and di-phenyl-m ethane is formed. 

Similarly, when chloroform and benzene are brought together 
in the presence of aluminium chloride, tri-phenyl-m ethane is 
formed according to this equation : — 

CHCl, -I- 3 CgH, = CH (CgHs), + 3 HCI. 

Tii-pb«nyl-melh>ne 

Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon together in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-m ethane when boiled with zinc dust; and benzal 
chloride, C«H, .CHC1» and benzene give tri-phenyl-me thane : — 

C,H. . CHCl, -I- 2 CflHg = CH(C.H,)s -|- 2 HCI. 

Only tri-phenyl-m ethane will be treated of here. 

Tri-phenyl-methane, 0,»H,a[0H(CaHi)3]- — This hydrocar- 
bon can be made, as above described, from benzal chlo- 
ride and benzene, and from chloroform and benzene. It 
can also be made from benzal chloride and mercury diphenyl, 
Hg(C,H,),: — 
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QH. .CHCl, + I^(C,H.), = CH(C,H5), + HgCI,. 

It forms lustrous, thin laminEe, which melt at 92°. It is 
insoluble in water ; easily soluble in ether and chloroform. It 
is crystallized best from alcohol. 

Towards reagents it is very stable. Thus, ordinary concen- 
trated sulphuric acid does not act upon it. (CfH^ 

Oxidizing agents convert it into tri-phenyl-carbinol, C \ p*^- 

I OH 
That the oxidation-product is really tri-phenyl-carbinol appears 
probable, from the fact that whenever aromatic hydrocarbons 
that contain paraffin residues are oxidized, the paraffin resi- 
dues are first attacked, while, as a rule, the benzene residue is 
unacted upon. Further, it gives an acetate with acetyl chlo- 
ride; and with phosphorus pentachloi-ide it gives a chloride 
which is decomposed by boiling water, giving the carbinol 
again. A bromide is formed by treating it with hydrobromic 
acid, and this gives the carbinol when boiled with water. 



Trinitoo-triphenyl- | o,.H„(NO.),[CHC0,H.NO,),], is 
formed by treating triphenyl-m ethane with nitric acid; and 
also by treating a mixture of nitro-benzeue and chloroform 
' with aluminium chloride : — 

CHCl, -I- 3 CgH,. NOi = CH(C,H,. NOj), -I- 3 KGl. 

This reaction shows that in the tri-nitro product one nitro 
group is contained in each benzene residue. 



Tr iamino-tr iphenyl-methane , para-leuoanilino, 

Ci»Hia(NH,).[CHCCaH,.NHi)3]-— 
The tri-araino compound is made by reduction of the tri-nitro 
compound, and also by reduction of para-rosauiline. It is 
converted into para-rosaniline by oxidation. 
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TrI-PHENTL-M ETHANE DyES 

The well-known substances included under the head of Tri- 
phenyl-me thane Dyes are more or less simple derivatives of 
the two compounds called rosanUine and para-rosaniline. 

When mixtures of aniline with ortho- aud parsrtoluidines 
are heated with oxidizing agents, such as arsenic acid, stannic 
chloride, mercuric chloride, etc., several substances are formed, 
the principal of which are the two above named. Para-rosan- 
iline, CigHjeN^gO, is formed from para-toluidine and aniline, 
according to the equation, — 



Bosaniline, CjoHjiN^O, is formed in a similar way: — 
C«H;K + 2 C,HaN -1-3 = Ca,Hj,lfaO + 2 H^O. 

The composition and modes of foi-mation of the two sub- 
stances show that rosaniline is a homologue of para--iosaniline, 
the relation between the two substances being represented by 
the formulas C„H,^sO and CwH,s(CH3)NoO. 

By treating para-rosaniline with a reducing agent, it is con- 
verted into para-leu can iline, which has been shown to be tri- 
amino-triphenyl-methane : — 

r f C.H, . NH, 1 

CwHkJTsO -I- Hj = CmHkJI, CH j C«H, . NH, + H^O. 

P»™-™™.lllne '■fnVC i [OaH, . NH J 

It will thus be seen that para-rosaniline and rosaniline, which 
are the fundamental compounds of the group of aniline dyes, 
are derivatives of the hydrocarbon tri-phenyl-m ethane. 

Para-rosaniline, CioHi-jNjO. — The formation of this sub- 
stance by oxidation of para-leucan iline and of a mixture of 
toluidine and aniline was mentioned above. The relation 
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between para-rosaniline and para-leucaniline la expressed by 
the following f ormnias : — 

[ C^, f C,H. . NH, f CH^ . NH, 

CH C«H, CH C.H,.NH, C(OH) CH^. NH,. 

I CHa I C«H, . NH, t CaH, . NH, 

Trl'Ubenyl- TrlunlDO-trlphenyL-meUuns, Trtamlno-IMpheDFl-carblnDL 
melluiis or Pin-leuoDllliifl or Pux-ru»i;Uliw 

Bosaniline, CmHsiNjO. — Thia is tlie principal constituent 
of commercial f uchsine. It is formed by oxidizing a mixture of 
aniline with ortho- and para-toluidines : — 

CaH.N + 2 C,HeN + 30 = C„HaNjO + 2 H,0. 

Bxperlment 73. In a dry test-tube put a little dry mercuric chlo- 
ride and a few drops of commeTcial aniline. Heat over a small flame. 
DisBOlve the product in alcobol, with the addition of a little hydrochloric 
or acetic acid. The beantiful color of the solution is due to the presence 
of the hydrochloHde or acetate of rosaniliiie. 

On the large scale, the oxidizing agent used is arsenic acid. 
Care is taken to remove all arsenic acid from the product, but 
it is nevertheless sometimes found in the products obtained in 
the market. Nitro-benzeue is also used as the oxidizing agent. 
In this case there is, of course, no arsenic in the product. 
Bosaniline crystallizes in needles or plates. It is very slightly 
soluble in water; more readily soluble in alcohol. It forms 
three series of salts with monobasic acids. With hydrochloric 
acid it forms the salts CjoH^s . HCl and C^H,^, . 3 HCI. 
The former is the substance known as Jucknine, though some of 
the fuchsine met with in the market is the acetate of rosaniline, 
CjoHuKj . CiH^Oj. The formation of the salts of para-rosaniline 
takes place as represented in the following equation : — 

rC,H4.NH, 
C(OH)(C,H,.NHs), + HCl = C C^4.NH,-|-H,0 
Fuhtohqiud. I [CsH,.NH.HCl 

Pire-roMUilllDe bjrdnchlorldB 
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Instead of the formulas here given for the salt two others 
have bees suggested. In one of these the salt is represented 
as derived from the base triamino-triphenyl-carbinol or para- 
rosanillne, as potaaaium chloride is formed from potassium 
hydroxide ; — 

HH, . C,H4 C (OH) NH, . C.H, 1 CCl. 

NHj.CbHJ NHj.CoHJ 

According to the other view the salt and all the colored salts 
derived from para-rosani line and similar bases have a constitu- 
tion similar to that of qninone, as shown thus for the hydros 
chloric acid salt of para-rosaniline ; — 
H^.H^C^ .CsH,.NH, 

I 

c 



or (CeH^H,),C : CjH, : HH.Cl. 

C 
I 

NKJSl 

Faehsine and the other salts of rosanlline dye wool and silk 
directly. For dyeing cotton cloth, however, a mordant is gen- 
erally necessary. 

Dyeing. Animal fibres, in general, are colored directly by 
dyea; that is to say, they have the power of forming with the 
dyes stable compounds which adhere to the fibres. This ia not 
generally true of vegetable fibres, as cotton cloth and linen. 
Hence, in order to dye the latter, something must be added 
that, with the dye', forms a compound which adheres to the 
fibres. Substances which act in thia way are called mordants. 
Among the substances used as mordants are aluminium acetate, 
ferric acetate, and some salts of tin. 
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Experiment 77. Make a dilute solation of picric acid by dissolving 
^ to 32 in 200™ to 300°° water. In a portioo of it suspend a few pieces of 
wbice yarn or flannel. The moollen material will be strongly dyed yellow. 
In another portion suspend a piece of ordinary cotton cloth. 

It should be noted that some dyes are applicable to cotton 
without mordants. These are called substantive dyes. 

Acid fUchsine is a sulphonic acid of rosaniline. It is 
formed by treating rosaniline with concentrated sulphuric acid 
at 120°. It is soluble in water, and is a valuable dye. 

Aniline dyes. — By introducing various hydrocarbon resi- 
dues into pararrosaniline or rosaniline, in place of some or all 
of the hydrogen atoms of the amino groups, dyes of other 
colors are formed. The general effect of introducing methyl 
groups is to form dyes of a violet color. As the number of 
methyl groups increases, the product has a deeper blue tiut. 

Hezametbyl-para-rosaniline. — The hydrochloric aeid 
salt of this is the well^rystallized dye, crystal violet, 
[C,H,.H(CHs),]jC;C,H,:N(CHj),Cl. It is one of the prin- 
cipal constituents of methyl violet. Some of the methods used 
in preparing this dye are of special interest. It is made — 

(1) By the action of para-tetra-methyl-diamino-benzophenone 
on dimethyl-aniline in the presence of dehydrating agents — 

C,»H^Ks{CH5)eCl + HjO. 

(2) By heating dimethyl-aniline with carbonyl chloride and 
aluminium chloride or zinc chloride; — 

coci, +2 o,H..N(CH.), - CO < c;h;:n(cha+ ^ ^° '• 

C„H^N3(CHa)6Cl-t-HA ' 
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Methyl violet consists of crystal violet mixed with products 
containing a smaller number of methyl groups. 

Methyl green is an addition-product formed by the action of 
methyl chloride on an alcoholic solution of crystal violet. 

Sofmann's violet (Da?dia) is either the hydrochloric acid or 
acetic acid salt of tri-methyl-rosaniline. It is made by heating 
together a salt of rosaniline, methyl iodide, and methyl alcohol. 

Aniline blue ia the hydrochloride of tri-phenyl-ros aniline. It 
is formed by heating salta of rosaniline with auiliue and some 
benzoic acid. 

Siduble blue is a sulphonic acid of aniline blue. 

Phthaleins 
In speaking of phthalic anhydride, it was stated that when 
this substance is treated with phenols, phthaleifns are formed ; 
and, in speaking of resorciaol, a markedly fluorescent body 
was mentioned as being formed when phthalic anhydride and 
resorcinol are heated together. 

Phenol-phthalein, CjoHnOi. — This substance is formed by 
heating a mixture of phenol and phthalic anhydride with sul- 
phuric acid or some other dehydrating agent : — 
2 CgH.O + CgH^Oj = C^H,S), +H2O. 

utbydrlde phLbolem 

The mass is boiled with water to remove the sulphuric acid, 
dissolved in caustic soda, and the phenol-phthaleiln precipitated 
by the addition of an acid. It forms a granular crystalline 
powder. Its solution in alkalies is red or violet, according to 
the thickness of the layer. Acids destroy the color. Hence it 
ia used as an indicator in acidimetry and alkalimetry aa a sub- 
stitute for litmus. It ia uaed in medicine as a purgative. 

Phenol-phthalein, like rosaniline, is a derivative of tri-pheuyl- 
methane, as has been shown by the following somewhat compli- 
cated reactions : — 
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The chloride of phthalio acid, or phthalyl chloride, CsHjOjClj, 
when treated with benzeue in the presence of aluminium chlo- 
ride, gives up its two atoms of chlorine, and in their place 
takes up two phenyl groups, thus: — 

CgH,0,Cl, + 2 C,H, = C,H,0,(C«H.), + 2 HCl. 

PbtbtLfl chloride Dlphenyl-phllisllda 

The substance thus formed is known as dipkenyl-phthalide. 
Its conduct towards water and bases is such as to show that it 
is the anhydride of an acid; — 



When this salt is reduced by means of zinc dust it loses 
oxygen : — 

And, finally, when the acid is distilled with baryta, it loses 
carbon dioxide and yields tri-phenyl-methane : — 



t (C.H.), 



i*. -CHJC,H.+ CO, 



(0,H. 



We have thus passed from phthalic anhydride to triphenyl- 
methane, and the reactions just referred to are in all prob- 
ability correctly represented by the following formulas and 
equations : — 




+ KOH = C 



C,H. 
C,H, 

C,H,.CO,K. 
I OH 

Poluiium Irlphcnjl- 
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phenol-phthaleIn 



C.H. 


C.H. 


C.H. 


C.H. 


C.H,.CO^ 


OH 


H 


Patuslum tiiphc 
melhsoe-CM-bon 


C,H, ■ C.H, 


C.H, _„ 
C,H,.CO^ 


C.H. 
C.H. + <=°- 



H 



IH 

Trlplieiiyl.iiiptl 



Now, by making- dinitro-diphenyl-phthalide, reducing it, and 
boiling the diazo compound with water, the product obtained is 
phenol-phthaleln. Hence, the latter compound appears to be 
the dihydroxy derivative of diphenyl-phthalide : — 

CoH^.NH, fCflH,.OH 

C,H,.NH, CoH^.OH 

C,H,.CO ^ C,H,.CO* 

PheDol'plilliskla 

The formula for phenol-phtbalein may also be written 



C,H,.OH CA 



*>C0, 



the curious arrangement of the carbonyl group being simply 
the sign of the anhydride condition between carboxyl and 
hydroxyl, of which the simplest expression is 



"COOH 



= R< I +H,0. 
CO 



This plainly is the characteristic grouping of the lactones 
(see p. 169). 

There is reason to believe that when a phtbalei'n is treated 
with a base and converted into a salt the constitution is essen- 
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tiaJly changed, the resulting salt having a quinone-like struc- 
ture, as showD thus : — 

cup- op 



f'l'™ 



|''^COOK 



Free phenol- phthalelD Btll of phenol-phthakln 

(lactoLd /ormulB) (qufnoLd formuli) 

Note por Student. — Although the reactions above brieSj described 
may at first sight appear to be difficult to coupreheud, they are in reality 
simple enough. The student is earnestly recommended not to slight them 
on account of the long names and complei formulas involved. They afford 
an excellent example of the methods upon which we rely for determining 
the nature of complex subatances. Notice that all appears daric tintil the 
well-known substance tri-phenyl-methane is obtained, which suggests that 
all the subBtances are derivatives of this fundamental hydrocarbon ; and 
how easily, when this conception has once been formed, the interpretation 
of all the reactions follows. 

ArnoDg the other phthale'ins that deserve special mention is 
that which is formed with resoreinol. 

Fluorescein, reaorcinol-phthalein, CsoHi^Oi + H^O. — 

This beautiful substance is formed by heating together resor- 
einol and phthalic anhydride to 200°: — 

2 C,H,(OH), + CsHjOs = C»HuOs + 2 H/). 
Its solutions in alkalies are wonderfully fluoi-escent. The sub- 
stance, which is sold under the name " wranin " f or the purpose 
of exhibiting the phenomenon of fluorescence, is the di-sodium 
salt of fluorescein. 

From the solutions of its salts fluorescein is precipitated as a 
yellow powder of the composition, CjoH„Ob. Heated to 130° 
this loses water and Jorms the compound, C^HaO,, which is 
yellowish red. The fact that the compound ia colored has led 
to the belief that, it has the quinoid structure in the free con- 
ditions as well as in its salts. 
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The reaction that takes place between leaorcinol and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which takes place between phenol and the anhydride to 
form phenol-phthalein. We should therefore expect to find 
that fluorescein has the formula; — 



C.H.<" 




which shows its analogy to phenol-phthalein, 



It is found, however, that in reality fluorescein corresponds to 
the above formula leas one molecule of water; and it is believed 
that the water is given off as represented thus : — 



r*"n OH . 

C„H,.CO 



= CaHf=0 
CgH^.COOH 



Bosln, tetra-brom-fluoreacein, CaoHjBr.OjKj, is formed 
by treating fluorescein with bromine, and then with potassium 
carbonate. Its dilute solutions have an exquisite, delicate pink 
color which suggests a color often seen in the sky at the dawii 
of day. Hence the name of eosin, from ^<ii, daiwit. It is 
fluorescent,, and is used as a dye. 
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The hydrocarbons tliiis far considered are of three classes. 
They are: (1) parafBns, or saturated hydrocarbons of the 
marsh-gaa series ; (2) unsaturated hydrocarbons related to the 
paraffins ; and (3) hydrocarbons which contain residues of the 
saturated paraffins and of benzene. 

We now pass to a brief consideration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated par- 
affin. It bears to ethylene the same relation that toluene bears 
to marsh gas; that is to say, it is phenyl-ethylene. 

Styrene, phenyl-ethylene, C8Hs(C,Hs.CH:CH2).— This 
hydrocarbon is contained in liquid storax — a fragrant, honey- 
like substance which exudes from various plants, as the liquid- 
ambar — and in coal-tar xylenes. It is formed by distilling 
cinnamic acid with lime: — 

CBHA = CaHa-|-COi^ 

Note fOR SniDErrr. — What does this reaction suggest wilh regard to 
the relation between cinnamic acid and styrene ? 

It is also formed from phenyl-ethane, CaH,, CjHj, in the same 
way that ethylene is formed from ethane : — 

J CaH, -I- Brj = CjH.Br + HBr 

t CjHjBr -I- KOH = C,H, + KBr + H^O' 

C,H. . C,H, -H Bra = C^H^ . C^H^Br + HBr ; 
C,H.. CiiH,Br -I- KOH = C.U,. C^H, + KBr + H,0. 



871 
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Its formation by heating acetylene was meotioaed on page 
246: — 

4C,Hs = C8Hg. 

NoTK rom Stddbst. — What other polymeric product is obtained by 
heating acetylene ? 

Styrene is a liquid of an aromatic odor; boils at 140°; 
iDsoluble in water; miscible with ether and alcohol in all 
proportions. 

When heated alone up to 300°, or even when allowed to stand 
at ordinary temperatures, it is converted into a polymeric modi- 
fication called meta-styrene, which is a solid. This same change 
is readily effected by several reagents, such as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that ethylene does (see p. 232) ; — 
CaH,.CH:CH, + 2Br = CgHi.CHBr.CHjBr. 

It unites with hydrobromic acid, forming phenyl-ethyl 
biomide : — 

. C,H,. CH : CH, + HBr = CgH, . CH^ . CH.Br. 

Hydriodic acid reduces it to phenyl-ethane : — 

C,Hj.CH:GHj + 2HI = C8Hs.CH,.CH3 + 2I. 

Chromic acid and other oxidizing agents convert styrene into 
benzoic acid {see remarks, p. 269). Some higher members of 
this series have been prepared, such as phenyl-propylene, phenyl- 
butylene, etc. ; but at present they are not of sufftcient impor- 
tance to make their consideration necessary. 

Styrene is closely related to cinnamic acid, from which the 
interesting and important compounds of the indigo group ate 
obtained. 

sS^jr^cotS^"'' } aH»O(0.H. . OH : OH . OH.OH). - 

This ^cohol occurs in nature in the form of an ethereal salt of 
3 acid in liquid storax, and also in balsam of Peru. 
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It forms long, thin needles, whicli melt at 33°. It is fairly 
soluble in water ; has the odor of hyacintlis ; and bolls at 250°. 
Nascent hydrogen converts it into phenyl-propyl alcohol, 
CaH,.CH,.CH,.CH,OH (see p. 317).— 

C,H,.CH:CH.CH,0H + H. = CaH,.CH,.CH2.CH^H. 

Hydriodic acid converts it into propenyl-benzene (phenyl- 
propylene), C,Hj.CH:CH.CHj, and toluene. 

When oxidized with platinum black it is converted into the 
corresponding aldehyde, cinnaraic aldehyde, the chief cop- 
stituent of the oil of cinnamon; and, by. further oxidation, 
into cinnamic acid. The relations between the three sub- 
stances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 

C<H,.CH;CH.CHjOH. CeH,.CH:CH.CHO. 

atyrjl bIcoIidI CinnuoLe Bldehydt 

C«H,.CH:CH.COjH. 



These compounds are the ^phenyl derivatives of allyl alcohol, 
acrolein, and acrylic acid : — 

CH,: CH. CHjOH. CH,: CH . CHO. CH,: CH. COjH. 

Allyl alcohol Acruletn or AcryUc uld 



Cinnamio acid, 1 

Pheoyl-aorylic acid,] 



C,H,0,(CaHi . CH : OH . COi,H) . - 



Cinnamic acid la found in liquid storax, partly in the free con- 
dition, and partly in the form of an ethereal salt in combina- 
tion with styryl alcohol, as styryl cinnamate, in the balsams of 
Tolu and Peru. It can be made synthetically : — 

1, By heating tt^ther benzoic aldehyde and acetyl chlo- 
ride: — 

CsHj.COH + CHj.COCl = C»H,.C,H,.CO,H -|- HCl. 
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This reaction will be better understood by writing it in two 
equations i — 

(1) CaH,.CH|oi + C;HJh. COCl = CaH.. CH : CH . COCl + H^O ; 

(2) C(H,.CH :CH.C0C1 + H^O = CsH5.CH:CH.C0jH + HCl. 

Clopamjl cUoridB 

The kind of action represented in equation (1) is not un- 
common. We have already met with it in the formation of 
mesitylene from acetone (see p. 270), in which case two hydro- 
gens from each of three methyl groups unite with an oxygen 
atom from each of the three carbonyl groups. The product is 
called a condensatioDrproduct, and the action is known aa con- 
densation. It has already been referred to under the head of 
aldol condeTtsaiion (see p. 191). 

2. By heating together benzoic aldehyde, sodium acetate, and 
acetic anhydride. The first reaction is that of addition ; — 

H .... H 

C,H, .0:0 + HCH, . CO^Na = C.Hj - C - OH. 
I 
CH, . COjNa 

The acetic anhydride acts as a dehydrating agent and con- 
verts the product first formed into sodium cinuamate : — 
H 
C^,.C-OH =CaH,.CH:CH.COiNa-|-H,0. 
CH,.CO:iNa 

3. By treating benzal chloride with sodium acetate: — 

CeHj.CH:Cl2;+C:H,;H.C02Na=C«H,.CH:CH.C0,Na-|-2HCL 

CaHj . CH : CH . CO^Ka + HCl = CaH. . CH : CH . COsH + NaCl. 

The acid is now manufactured on the large scale by the last 
method. 

Cinnamic acid is a solid which crystallizes in monocUnia 
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prisms. It melts at 133°, and boils at SOO" to 400°. It is 
easily decomposed into atyrene and carbon dioxide ; — 

CbH..CH:CH.GO,H = C.Hs.CH:CHj + CO,. 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinuamic or phenyl-propionic acid, CgHj . CHj.CHj.COjH 
(p. 333). It unites with hydrochloric, hydrobromic, and hydri- 
odic acids: — 

C«H, . CjH, . COaH + HCl = C«H, . C^HgCl . CO,H. 

rbeDyl-clilor-pcaploDlc acid 

bromine yields the addition-product CbHj . CjHjBr, . COiH. 

Treated with substituting a^nts, such as nitric acid, etc., it 
yields substitution-products in which the entering atoms or 
groups are' contained in the benzene residue, in the ortho and 
para positions relatively to the acrylic acid residue, CjHj. COjH. 

Nitro-cinnamic acids, CeH, j 9^' *^^>^. — The ortbo 
and para acids are formed by dissolving ciimamic acid in nitric 



Note for Student. — What are the products when toluene is treated 
with nitric acid ? When benzoic acid is treated in the same way ? To 
which case is the above analogous ? 

Amino-cinnatuic aoids, ChH, ] J~^' ^. — These acids 

are formed by treating the nitro-acida with reducing agents. 
The ortbo acid loses water when set free from its salts, and forms 

,CH = CU ,CH = CH 

the anhydride carbostyril, CM.C 1 or C,H C . I 

' '\NiI-CO ° '> N = C(qH) 

analogous to hydro^iarboatyril (p. 334). 

Coumarin, 0„H„0„(c.hJ^^'^^V '^ * compound found 

" \ ■ VO 1 ' 

in Tonka beans and in many other plant substances. It -is 
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made synthetically from salicylic aldehyde, sodium acetate, and 
acetic anhydride, just as cinnaiuic acid is made ftoni benzoic 
aldehyde, sodium acetate, and acetic anhydride. The first 
product of this action is probably ortko-hydroxy-ci. 



CiHj . COOH 



or coumaric acid, C^, ] qh ' ' which then loses water, 

yielding the anhydride or coumarin. Coumarin has a pleasant 
odor, like that of sweet clover, and is used in perfumery. In 
very great dilution it has the odor of neio-mown hay. Treated 
with bases, it yields salts of coumaric acid. 
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CHAPTER XVIII 

PHENYL-ACETYLENE AND DEHIYATIVES 

Phenyl-acetylene, aoetenyl-beczene, CjHjCiCH, bears 
to acetylene the same relation that styrene, or phenyl-ethylene, 
bears to ethylene. It is made from styrene in the same way 
that acetylene is made from ethylene ; — 

(1) CsH, +Br, =CjH,Br,; 

(2) CsH,Brj +2K0H=0,H, +2KBr + 2HjO. 
CoH,.CjHj +Br, =C,H,.C2H,Brj; 

CdH, . CsHaBr^ + 2 KOH = C,H. . C,H + 2 KBr + 2 H,0. 

FboDirl-iicetylcDe 

It is a liquid that boils at 142°. It unites directly with four 
atoms of bromine, forms metallic derivatives, and, in general, 
conducts itself like acetylene (which see). 

Phenyl-propiolio acid, C^(Oj<CaH,.C:C-COjH). — This 
a«id is a earboxyl derivative of phenyl-acetylene, bearing to it 
the same relation that cinnaraic acid bears to phenyl-ethylene. 
It is made from cinnamic acid, by treating the dibromine addi- 
tion-product with alcoholic potash. The reaction takes place 
in two st^es : — 

CsHj . CHBr . CHBr . CO^H = C^B, . CH ; CBr . CO^ -|- HBr ; 
C«H, . CH : CBr . COjH = C.H, . C i C . CO^H -|- HBr. 

It forms long needles, which melt at 136° to 137°. When 
heated with water to 120°, it breaks np into cai-bon dioxide and 
pheny 1-acety lene . 



,zc.bvGoogIe 



INDIGO AND ALLIED COMPOUNDS 381 

.OOjH jg 
I NO„„, 

made from the dibromide of ortho-nitro-cinnamic acid, in the 
same way that phenjl-propiolic acid ia made from the dibromide 
of cinnamic acid (see preceding paragraph). It is of special 
interest, for the reason that it can easily be transformed 
into indigo. The transformation is most readily effected by 
boiling it with alkalies and grape sugar, or some other mild 
reducing agent. The reaction is represented by the following 
equation : — 

2 C^, j ^r^^^"^ + H4 = C„H^,Oj + 2 COj + 2 H,0. 



Indigo and Allied Compounds 
Indigo is the oldest dye known. A mummy cloth 4000 
years old has been shown to be dyed with it. The value 
of the world's annual production of this dye is estimated at 
$20,000,000. Until recently all the indigo used was made 
from the indigo plants, but must of that now used is manu- 
factured by artificial methods. 

In several plants, Indigo/era tinctoria, Isatis tinctorta, etc., 
there occurs a gfucoside, indican, which, under the influence of 
dilute mineral acids or certain enzymes, breaks up, yielding a 
member of the glucose group and a substance which by oxida- 
tion is converted into indigo-blue. The indigo of commerce 
was formerly all prepared in the East and West Indies, in 
South America, Egypt, Bengal, and other warm countries. In 
brief, the process is this: — 

At the proper stage the plants are cut off down to the ground, 
put in a large tank, and covered with water. Enzyme action 
takes place, the indican breaking up and yielding indoxyl 
(which see), as above stated. The liquid becomes green, and 
then blue. When the fermentation is finished, the liquid is 
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' drawn off into a second tank. This liquid contains indigo- 
wHte or possibly indosyl in solution. In contact with the air 
it is oxidized, forming indigo, which, being insoluble, is thrown 
down. In order to facilitate the precipitation of the indigo, 
the liquid is thoroughly stirred. Finally, the liquid is drawn 
off, the precipitated indigo pressed and dried, and then sent 
into the market. 

The substance prepared as above has a dark-blue color, and 
contains other coloring matters besides indigo-blue. Its value 
depends upon the amount of the definite compound, indigo-blue, 
contained in it. 

Indigo-blue, indigotin, CnHmNjOs. — Indigo-blue is ob- 
tained from commercial indigo by reducing it to indigo-white, 
and then exposing the clear colorless solution to the air, when 
indigo-blue is precipitated, 

E)ii>erliDent 78. Into a test-tube put a small quantity of powdered 
indigo ; add fine zinc filinga or zinc dust and Ciiustic soda. Wlien the 
mixture is iieated the solution becomes colorless. Wiien this result has 
been reached, pour some of the soiucion into a small evaporating dish. 
Contact with the air colors it blue. 

Indigo-blue can be made artificially by a number of methods, 
among which the two following are the principal ones : — 

1. By boiling ortho-nitro-phenyl-propiolic acid (which see) 
with an alkali and grape sugar. 

2. From ortho-amino-benzoic (anthranilic) acid by treating 
it with chlor-acetic acid and fusing the product thus obtained 
with caustic potash : — 

(1) C,H, < ™Jj + CICH, . CO.H = C,H, < ™q ™" ' ""'^ 

+ HC1| 

= C.H,<™jj>C.COOH 
+ H^i 

= 0.H.<™ „CH. 
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indoxyl. When fused with potassium hydroxide tliis is eon- 
verted into indigo-blue: — 

+ 2 HA 

This method is now used on the large scale very aucceasfully. 
The anthranilic acid is prepared from phthalic anhydride, 
which is obtained from naphthalene by oxidizing it with con- 
centrated sidphuric acid in the presence of a little mercury. 
The conversion of phthalic anhydride into anthranilic acid is 
effected by means of Hofmann's reaction (see Anthranilic acid 
and Methylamine). The history of the attempts to prepare 
indigo synthetically is full of interest. At present the artifi- 
cially prepared product is driving natural indigo out of the 
marltet. 

Indigo-blue crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Its vapor has a purple-red 
color. It is insoluble in water, alcohol, and ether; soluble in 
aniline and chloroform. Oxidizing agents convert it into isa- 
tine (which see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline; boiled with a solution of caustic 
potash and finely powdered manganese dioxide, it is converted 
into ortho-ami no-ben zoic acid (anthranilic acid). 

Indigo-white, CnHiaNsOa, is formed by reduction of indigo- 
blue, as above described. Its sohitions in alkalies rapidly turn 
blue in the air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, CaHjNOj, 
is formed : — 

C«H^,0, -I- 0, = 2 C,H, < ^" > CO. 
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When isatine ia treated with sodium amalgam, it takes up 
hydrogen, and yields dioxindol, CbHtNOj : — 

C.H.<™>CO + H.-C.H.<™„jjj>CO. 

iHlJiie DLuliutuI 

By further reductioii, dioxindol loses an atom of oxygen, yield- 
ing oxindol, CsHfNO : — 

C.H, < ™^|jj > 00 + H, _ C,H. < ™ > CO + H,0. 

DIoxiDdol Oilndol 

By distilling osindol with zinc dust, indol is formed : — 

iDdi>i< 
Constitution of indigo, — The constitution of indigo is de- 
duced from a consideration of a number of facts. In the fivst 
place, its vapor density shows that it has the molecular weight 
represented by the formula CibH^J^jOj. 

Its relations to isatine, CuH4< >C0, mate it probable 
that indigo contains two groups, CaH,<jg->C:, united. It 
can be made, for example, by reducing isatine chloride, 
CgH, < ^C'Cl, a reaction that can be most readily inter- 
preted thus : — 
2CaH,<^'^>CCH-4H = C,H,<^^>C:C<g^>C«H« 

+2HC1. 

Further, indigo can be made from di-o-nitro-di-phenyl-di- 

acetylene, CaH, < ^q *^ ~ ^vq > CaH,, a fact that shows that 

the union between the two halves of the indigo molecule is 

between carbon atoms. The presence of two imino groups is 
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sliown by introducing radicals, and then decomposing the 
ethers thus formed. It is found that the radicals are given 
off in combination with nitrogen in the form of substituted 
ammonias. 

All these facts, and all others that have been established by 
the investigations ou indigo, are in harmony with the view 
expressed by the formula for indigo alpeady given : — 

Indol. CjH7n(o,H4<™>Ch]. — The mother substance 

of indigo and related compounds is indol. As stated above, it 
is fonned from osindol by heating it with zinc dust. It is also 

formed from ortho-amino-chlor-styrene, CbH4< ' by 

elimination of hydrochloric acid : — ' 



"CH = CHC1 * ' CH 
It is a crystalline substance of peculiar odor. 



''*<SH = CHCr«-"'<OH>™ + ™- 



curs in human faeces and is largely responsible for the charac- 
teristic penetrating odor of the fieces. 
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CHAPTER XIX. 

HYDROCARBONS COtrrUNING TWO BENZENE RESIDUES 
IN DIRECT COMBINATION 

JusTasthemarah-gasre8idiie,methyl,CH3,unites with methyl 
CHs 
to form ethane, I i so the benzene residue, phenyl, CgHs, 

unites with phenyl to form the hydrocarbon dip henyl, 1 ,and 

CeHj 
residues of toluene and of the higher members of the series 
unite in a similar way to form homologues of dipbenyl. 

Diphenyl. Ci3Hi„(C6Hj.66H,). —This hydrocarbon is made 
by treating brom-benzene with sodium : — 

2 C(H,Br + 2 Na = C^K^„ + 2 NaEr ; 
and by conducting benzene through a tube heated to redness : — 

It forms large, lustrous plates. It melts at 70.5°, and boils 
at 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance. It resists the 
action of ordinary oxidizing agents, but with strong ones it 
yields benzoic acid. A large number of derivatives of diphenyl 
have been studied. 

Substitution-products^ of diphenyl. — Substituting agents, as 
the halogens, nitric and sulphuric acids, act upon diphenyl 
much in the same way as they do upon toluene. Of the mono- 
substitution-prod nets, three varieties, ortho, meta, and para, 
are possible. Of these the para derivatives are most easily 
obtained by direct action. At the same time ortho derivatives 
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are formed to some' extent. By further action orttio-para 
products and di-para products are formed. In the latter the 
substituting atoms or groups occupy the positions indicated 
below : — 

H H ■ H H 
■ C C C C 

xo/ \c - c/ Ncx 

C C c 

H H H H 



. — Thisisdipara^iamino-diphenyl. 

It is formed by reduction of dinitro-diphenyl, and also by the 
reduction of azobenzene in acid solution. In the latter case 
hydrazobenzene, which is isomeric with benzidine, is first 
formed, and this is then transformed into benzidine in the 
presence of acids {see hydrazobenzene) : — 

CjHj.NH C«H,.KHj 

C,H,.NH e„H,.NH, 

HydMiobenienH Beniiainfl 

Benzidine is manufactured on the large scale by this method. 
It is a solid that melts at 122°. 

The amino groups are in the two para positions in benzidine. 

Benzidine dyes. — Benzidine, being an amino derivative of an 
aromatic hydrocarbon, is readily diazotized, and the final prod- 
uct of the action of nitrous acid is a compouud containing two 
diazo groups or a tetrazo compound. Thus the chloride gives 
a tetrazo chloride : — 

C«H, . NH, . HCl CaH, . N,C1 

C,H,.NH,.HC1 CjH^.NjCl 

The tetrazo compound reacts with great ease with aromatic 
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amino-Bulphouic acids, hydroxy -acids, -and phenol-sul phonic 
acids, foimiug valuable dyes that have the power to unite 
directly with cotton. They are called substantive dyes. The 
first dye of this kind that came into use was known as Congo 
red. This is made by treating- diphenyltetrazonium chloride 
with sodium naplukionate. Naphthionic acid, as will be shown 
further on, is a derivative of naphthalene (see below), 

Clirysamin Q. is made by the action of sodium salicylate on 
diphenyltetrazoninm chloride: — 

C.H..N,C1 C.H.<'!" C.H,.N,.0,H,<<?'J 

I + Sh = OH +2HCI. 



Carbazol, I >NH, is a curious derivative of diphenyl 

that is found in coal tar in small quantity. It has been shown 
to be a substituted ammonia containing a residue of diphenyl. 
It is properly designated by the name diphenyl-itiude, and is 
represented by the above formula. It has been made syn- 
thetically by passing the vapor of diphenylamine, '^'^Ic^h' 
through a red-hot tube,a reaction taking place which is analogous 
to that mentioned above as taking place when benzene is treated 
in the same way, the product in the latter case being diphenyl. 

Naphthalene, CioHj. — While the relations of diphenyl to 
benzene are clearly shown by its simple synthesis from brom- 
benzene, the relations of naphthalene to benzene have been 
discovered through a careful study of its chemical conduct. 
The facts can '.'e best interpreted by assuming that the mole- 
cule of naphthalene is formed by the union of two benzene 
residues in such a way that they have two carbon atoms in 
common, as repi-esented in the formulas 
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H H 

HC-CH-0-CH-cH ■ nc^ x;^ ^CH 



H H 

How this conception was reached will be shown below, after 
the properties and the reactions of naphthalene shall have been 
discussed. 

Naphthalene is a frequent product ot the heating of organic 
substances. Thus, it is formed by passing the vapors of alco- 
hol, ether, acetic acid, volatile oils, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and in gas-pipes used for gas made by heating naphtha, 
gasolene, etc., to high temperatures. It has been made 
synthetically : — 

1. By treating o-xylylene bromide with the di-sodium com- 
pound of the ethyl ester of symmetrical etbane-tetra-carboxylio 
acid; saponifying the ester thus formed; aud distilling the 
silver salt of the resulting acid : — 
H 





C 


CH,Br 




HC| 


/^ 


NaC(COAH,), 






+ 


1 


Hcl 


\y 


^CH,Br 


NaO(COAHs), 




C 






H 








H 








C 


(,CH, 




HC| 


/^ 


•\C(C0,C, 


+ 2NaBp. 




\/ 


iy'c(CO.C,H,). 
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/OH, - C(CO,C,H,), /CH, - C(CO,H), 

c^/ 1 — »-c,h/ I 

X!H, - C{COAH.), X;H, - C(CO,H), 

<CH, - CH(CO,H) /CH - CH . 

i — »-CaH/ 11 . 

CH, - CH{CO,H) x;H - CH 



2, By conducting phenyl-butylene bromide over heated 
lime : — 

<H-CH 
II • 
H-CH 

3. When isophenylcrotonic (phenylvinylacetlc) acid, 
CaH,.CH = CH.CH,.COOH, ia heated, it loses water and 
gives a-naphthol, a hydroxyl derivative of naphthalene: — 



H H 


HC 


H H 
C 


■'x^ ^°H» 


HO 


'^J^™ 


g=r„ 




H 6h 



By reduction with zinc dust o-naphthol gives naphthalene. 

The abtve syntheses give a clew to the constitution of naph- 
thalene, but tiiey do not clear it up entirely. A study of the 
chemical conduct of naphthalene has, however, led to a solution 
of the problem. 

M^aphthalene ia prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 250°. This material 
is treated with caustic soda, and then with sulphuric acid, and 
distilled with water vapor. 

It forms colorless, lustrous, monoclinic plates. It melts at 
80°, and boils at 218°. It has a tarry odor ; is volatile with 
steam, and sublimes readily. It is insoluble in water; easily 
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soluble ID boiling alcohol, from which it can be crystallized. 

Oxidizing agents convert it into phthalie acid (see Exp. T3). 
On the large scale phthalie acid is made from it by oxidizing 
with sulphuric acid, as has already been stated. It is used as 
au antiseptic and insecticide. The well-known moth balls, for 
example, are made of naphthalene. 

The ease with which naphthalene yields phthalie acid, sug- 
gests that the hydrocarbon is probably a di-derivative of benzene 
containing two hydrocarbon residues ; such, for example, as is 
represented by the formula CjH, < f-.^J'- Such a substance, how- 
ever, contains unsaturated paraffin residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition-products of benzene than 
the addition-products of the unsaturated paraffins. They break 
up readily, and yield stable substitution-products of naphtha- 
lene. 

We have seen that a hydrocarbon containing a benzene 
residue and an unsaturated paraffin residue, as, for example, 
styrene or phenyl-ethylene, CsHj.CjHa, and phenyl-acetylene, 
CjHj.CjH, when treated with bromine or hydrobromic acid, 
takes them up as readily as ethylene and acetylene, and this 
action takes place before substitutiou. According to this, 
naphthalene ought to take up bromine and especially hydro 
bromic acid with avidity before substitution of its hydrogen 
takes place. 

While it does take up four atoms of chlorine or of bromine, 
it does not take hydrochloric or hydrobromic acid, a fact that 
makes it improbable that naphthalene contains unsaturated 
hydrocarbon residues. 

The formula CeHj | ° ° and similar ones being thus rendered 
extremely improbable, the next thought that suggests itself is 
that the two groups OjHa may be united, as represented in the 
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I CH.CH 

are united to two carbon atoms of the benzene residue wbich 
are in the ortho relation to each other, we may write this same 
formula thus : — ri 



Hc/ \:;-cH-CH 

-CH-CH 
H 



""KJ- 



or, what is the same thing, — 

H H 

Hc/ ^C^ \3H 

' I, I I ■ 

IxGv /^v /^ " 

\'^ \r 

H H 

This formula represents naphthalene as made up of two 
benzene residues united in such a way that they have two 
carbon atoms in common. This, as has been stated, repre- 
sents the hypothesis at present held in regard to the structure 
of naphthalene. 

As regards the assumption that the two residues are united 
through carbon atoms which are in the ortho position relatively 
to each other, it should be said that this assumption is made 
because phthalic acid is the product of oxidation ; and the t&cts 
already considered have shown that terephthalic acid must be 
represented by the formula 

COjH 
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and isophtbalio acid by 

CO,H 

I I 

HC. ,CCO,H 
\'^ 
H 
and heuce, in terms of the accepted hypothesis, the third pos- 
sible formula must be given to phthalic acid, viz., — 
H 

I I 

Ha ,C.CO.H 

H 

Are there any facts besides those above mentioned which 
make the hypothesis appear probable ? 

By a different line of reasoning, based upon other facts, the 
conclusion is reached that naphthalene is made up of two ben- 
zene residues which have two carbon atoms in common, and 
the only formula that represents this conception is the one 
already given. The facts which lead to this conclusion ai'e the 
following : — 

When nitro-naphthalene is oxidized it yields nitro-phthalic 
acid. This shows that the nitro group is contained in a 
benzene residue; and we may represent it by the formula 

C4H3.NO2 \ rii> ^^^ oxidation taking place as indicated thus ; — 

CeH, . NO, { c]h' + ^ ^ = ^«"' ■ ^^» { cSh + H.0 + 2 CO,. 

By reducing this same nitro-naphthalene, amino-naphthaJene 
is obtained; and, when this is oxidized, phthalic acid is 
formed : — 
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C«H.{g^JJ^-^"' + 120 = C.H,|^^;^ + 2CO, + HNOa + HA 

These two reactions show (1) that the part of aitro-naphtha- 
lene in which the nitro group is situated is a benzene residue; 
(2) that there is another benzene residue in the compound into 
which the nitro group has not entered. 

These transformations may be represented thus: — 

H H H 

c ^, V . 

Hc/\/^CH Hc/Nc - CO,H 

, Hcl 1 JuH Ch' Jc-CO,H 



H NO, 






NO, 








Efltio-phth,Uo»kI 


H H 






H 


„0 






C 


Hc/\/\cH 


^ 


H( 


/Nc-CO,H 


hJ 1 JcH 




H( 


i Jo-co,H 



It has been noticed, also, that by oxidation of a naphthalene- 
Bulphonic acid, Iwth sulpho-phthalic and phtbalic acid itself 
are obtained. 

It follows, from these facts, that naphthalene is made up of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula C„Hj can be thus made up, is by having two 
carbon atoms common to the two residues, as represented in 
the formula already given : — 
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HC/ \c/ \CH . 

I I I 

HCx yt/x yCH 

H H 

The proof just given for this formula is indepeadent of any 
notions regarding the ortho, meta, and para relations in ben- 
zene. As phthalic acid is the product of oxidation, it follows 
that the carboxyl groups iu the acid must bear to each other 
the relation expressed by the formula 
H 

I I 

HCs. yC-COjH 

H 

and, therefore, that in all ortho compounds the substituting 
groups bear this same relation to each other. Hence, by start- 
ing with the above formula of phthalic acid, — and to this, it 
must be remembered, we are led independently of any facts 
connected with the formation of the acid from naphthalene, — 
the accepted formula of naphthalene follows naturally. 

Derivatives of Naphthalene 
An interesting fact that has been discovered by a study of the 
mono-substitution-products of naphthalene is th s — that tvo 
and only two, varieties can be obtained. There s an a and a 
^-chlor-naphthalene, an a- and a j8-brom-naphtl ale e etc et 
This fact is quite in harmony with the views held ega d g tl e 
constitution of naphthalene, as will readily be see 1 y exam n 
ing the formula somewhat more in detail. There are two, and 
only two, kinds of relations which the hydrogen atoms bear to 
the molecule; all those marked with an a being of one kind, 
and all those marked with a fi being of another kind; — 
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I I ! 

aH aH 

Here, again, a problem preaeiits itself like that presented by 
the di-substitutioQ-producta of benzeue. The theory gave us 
three formulas, afld three compounds are known. The problem 
was to determine which formula to assign to each compound. 
Here we have two formulas for two broin-naphthalenes and 
other mono-substitution-products of naphthalene, and we 
actually have two compounds ; and the question arises, which 
of the two formulas must we assign to a given compound ? The 
method adopted is simple, and can be explained in a few words. 
That nitro-derivative of naphthalene which is known as o-nitro- 
naphthalene yields nitro-phthalic acid by oxidation ; and the 
relation of the nitro group to the carboxyl groups, in this acid, 
has been determined. It ia expressed by the formula, 

Hc/ \c-CO,H 

I I 

Ha ,C-CO,H 



while the formula of the other nitro-phthalic acid is 



I I 
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As a-Ditro-Daphthalene yields the acid of formula I., it fol- 
lows that in it the nitro group must occupy the position of one 
of the hydrogen atoms marked a in the above formula for naph- 
thalene. Those substitution -products of naphthalene which 
belong to the same series as a-nitro-naphthaleue are called a 
derivatives. In the j8 compounds the substituting group or 
atom must occupy the place of one of the hydrogen atoms 
marked j8. 

According to the theory in every case in which the two 
substituting atoms or groups are the same, there are ten di- 
substitution-p rod nets of naphthalene possible. For example, 
there are ten di-clilor-naphthalenes possible. All ten are known 
and no moi-e. The relations between the two substituting 
atoms can be followed by the aid of the figure below : — 

8 1 

7/\/\2 

5 4 
The numbers mark the positions of the eight hydrogen atoms 
in naphtlialene. Two substituting atoms or groups may bear 
to each other the relations 

1, 2 ; 1, 3 ; 1, 4 ; 1,5; 1, 6 ; 1, 7 j 1, 8 ; 2, 3 ; 2, 6 ; 2, 7. 

Further, there are foiu'tcen tri-substitution-products possible 
in which the three substituting atoms or groups are the same. 

Tliere are fuui-teeit tri-dilor-naplithaleues posnibla and all are 
known. 

a-Amino-naphthalene, a-naphthylamine, a-CiHjH'Hj.— 
This is formed by the reduction of u-uitro-naphtbaleue, which 
is the chief product of the treatment of naphthalene with nitric 
acid in the cold. It melts at 50°. It is also formed from the 
[ hydroxyl compound, a-uaphthol, by heating it 
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with the ammonia compound of zinc chloride. It turns red in 
contact with the air. It has a fecal-like odor, 

p-Amino-naphthalene, P-naphthylamiiie, ft-CuffrN^t U 
made from j3-naphthol by treating it with the ammonia com- 
pound of zinc chloride. It melts at 112° and has no odor. 

Several of the aulphonic acids derived from the uaphthyl- 
amines are of value for the preparation of dyes. 

Naphthionio acid, 1, 4-naphthylanime-sulphonic acid. 

— It is the sodium salt of this acid that gives Congo red when 
brought together with diphenyltetrazonium chloride in the 
presence of sodium hydroxide (see Benzidine) : — 

C«H, . N,C1 + CwH,< J*^* 
I NHa 



When ^-naphthylamine is treated with sulphuric acid, four 
monosulphonic acids are formed. 

Naphthola, Oii>H,.OH. — Both of the naphthols occur in 
coal tar. They act in general like the phenols, though the 
hydroxyl group reacts more readily than that in the phenols. 
It has already been seen that the amino group can be substi- 
tuted for the hydroxyl group of the naphthols. The naphthols 
are made by fusing the corresponding sulphonic acids with 
caustic potash : — 

C„H,.80aK + KOH = C,„H,. OH + KSO3. 

Both sulphonic acids ai'e formed when naphthalene is treated 
with sulphuric acid. At low temperatures (80°) the «-acid is 
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the chief product At higher temperatures (160°) the /3-acid 
is formed in larger quantity. Indeed, the a-variety is converted 
into the |8-variety when heated with sulphuric acid. 

The synthesis of a-naphthol by heating phenylisocrotonie 
acid has already been referred to (see page 390). 

a-Napktk(^ is difficultly soluble in water, crystallizes iu lus- 
trous needles, and melts at 95°. 

P-Naphtkol is easily soluble in water, crystallizes in leaflets, 
and melts at 122°. 

I/apkthol-salphonie acids. — Many of these are known, and 
are used in the preparation of azo dyes. The 1, 4-naphthol- 
Bulphonic acid is the one principally used. 

Among the azo dyes derived from naphthalene the following 
may be mentioned : — 

a-Naphthol orange, formed by the action of a-naphthol on ben- 
zene-diazonium sulphonate in alkaline solution. It is repre- 
sented by the temnla C„H,<«-a'S0.N.(4). 

Biebrich scarlet, made from ^-naphthol by treating it with a 
diazo compound formed by first dlazotizing sulphanilic acid, 
treating the diazo compound thus obtained with sulphanilic 
acid, diazotizing the product and treating with )3-naphthol. 
This dye may serve as an example of the possibilities pre- 
sented by the azo compounds. Its formula is 

P„^N,.C,H3<S0,Na 
"" '"^OH Nj.CaH^.SOaKa- 

^NapldJuA orange is formed by treating benzene-diazoniura 
sulphonate (see sulphanilic acid) with j8-naphthol in alkaline 
solution. Its formula is CioH„<^=-'^«^*-S"='*^. 

Some of the simpler derivatives of naphthalene are used as 
dyes. Among these the following may be mentioned : — 
, 2, 4-Di-^Uro-a'naphtkol, C,(,Hj(NOa)sOH, which is used in the 
foim of the sodium salt under the name of Martiua' Yeiloio ; 
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Di^itro-nojphtkohidphonic acid, CmH, J SOaHC?) , which in 
I OH(l) 
the form of the sodium salt is used under the name Naphtlutl 
YeUow S. 



n-NaphthcMjuinone, 0,oH,Oi!. — This compound is obtained 
by oxidizing naphthalene with chromic acid ; also by oxidizing 
a-amino-o-naphthol and other di-substitution-products of naph- 
thalene in which the two substituting groups ate in the 1, 4 
position relatively to each other. It bears to naphthalene the 
same relation that ordinary quinone l>ears to benzene ; that is, 
it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 

It forms yellow needles, which melt at 125°. Like ordinary 
quinone, it is volatile with water vapor. Sulphurous acid con- 
verts it into a-kydro-naphtko-quinone : — 

0,oH A + Hj = CuH((OH)^ (1, 4). 

Note for Stddent. — Compare with the action of reducing agents on 
ordinary quinone. 

It gives an oxime with hydroxjl amine. 



^Naphtho-quinone, CioHjOa. — This quinone is formed by 
oxidizing ^-amino-a-naphthol with ferric chloride. When re- 
duced with sulphurous acid it gives 1, 2-di-hydroxy-naphthalene. 
It consists of red needles that decompose at 115-120°. It is 
inodorous and is not volatile. While in a-naphtho-quinone the 
two oxygen atoms are in the 1, 4 (para) position to each other, 
as they are in ordinary benzoquinone (see Quinone), ia ^- 
naphtho^iuinone the oxygen atoms are ortho to each other. 
a-Naphtho-quinone in general resembles ordinary quinone; 
;3-naphtho-quinone does not. The formulas of the two naph- 
tho-quioonea are here given: — 
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CHfiCO CHcCO 

HQ^ACO 



H 



Di-hydroxy-naphthoauinone, CioHijL '*, is a dye 
known by the name naphtkazarin, on account of its resem- 
blance to alizarin (whtcb see). 

Homologues of naphthalene — like methyl- and ethyl-naph- 
tlialene — have been prepared, a- and ^-methyl-naphthalene 
have been found in coal tar. 



QuiNOLiNE ANn Analogous Compounds 

When quinine or cinchonine is distilled with caustic potash, 
a basic substance of the formula C^HiN is formed. This is 
called quirwUne. It occurs in coal tar together with an iso- 
meric substance isoquinoUiie, and some homologues. Among 
the compounds homologous with quinoline are the following : — 

Quinaldine, a-Methyl-quiholine .... CmHoN, 
Lepidine, y-Methyl-qu incline .... CmH^N. 
Cryptidine C„H„N. 



Quinoline, d'B.-iS. — Quinoline is formed by the distillation 
of quinine, cinchonine, or strychnine, with l^ustic potash; is 
formed from certain derivatives of benzene; and is found in 
coal tar. 

1. By passing allyl-aniline over heated lead oxide : — 

C4Hb.NH.CH;CH.CH4-1-Oj = C,H,K-|-2HA 
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This synthesis is similar to that of naphthalene from phenyl- 
butylene (see p. 390). 

2. By heating together glycerol, aniline, nitro-benzene, and 
sulphuric acid. In this case acrolein is probably first formed 
from the glycerol by the action of the sulphuric acid: — 

CHjOH CH, 

I II 

CHOH = CH +2H,0. 

I i 

CHjOH CHO 

This acroleifn then combines with aniline thus: — 
■ C NH, C N 

<> +0HC.CH = CH, = «O ''' + HA 

HCl/'CH HCMCH CH 

CH OH HC^ 



The nitro-benzene now acts as an oxidizer, and removing two 
hydrogen atoms gives quinoliue : — 



CH c N <^C^ 

""l^ Y Y** + = HC A|'^jCH ^ ^ 

CHO C\GH 

H H H 

The nitro-benzene in acting as an oxidizing agent is itself 
reduced, and the aniline thus formed enters into reaction. to- 
gether with the other aniline present. The whole change can 
be represented as below : — 

2 04H(NH, + C»H,NO, -l- 3 CjHsOj= 3 C,H,N -|- 11 H,0. 
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3. From o-amino-cinnamic aldehyde by 
CH = CH.CHO 



c,H,<; 



-C,H,/ 

^ N 



CH = CH 

1 +H,Oi 
CH 



CH 



iO¥L 



UH 



This simple sjrnthesia shows very clearly the constitution of 
quinoline. It is analogous to naphthalene in a way. Just as 
the latter is made up of two benzene rings united by two com- 
mon carbon atoms, so quinoline is made up of a benzene ring 
and a pyridine ring united in the same way. This hypothesis 
is in harmony witli all the facts known in regard to quinoline. 

4. Another synthesis of quinoline is effected by starting with 
hydrocarboatyril {which see). When this is treated with phos- 
phorus pentachloride it is converted into dichlor-quinoline, and 
by reduction with hydriodic acid this gives quinoline : — 



CaH,< 






,CH = C CI ,CH = CH 

-C„H,< I — »-C,H,/ I 

\n=cci \n=ch 



Quinoline is a colorless liquid with a penetrating odor, and 
is a powerful antiseptic. It boils at 239°. Potassium per- 
manganate converts it into quinolinic acid, which is a pyridine- 
dicarbonie acid, OiH3N"(C02H)r The formation of this acid is 
analogous to the formation of phthalic acid from naphthalene: — 



N,,CH 



C.COjH 
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CH 






CH*L«H cVf>CO,H 

It has already been pointed out that qninolinic acid gives 
pyridine when distilled with lime and that the accepted hypoth- 
esis in regard to the constitution of pyridine is based on this 
fact and the formation of quinolinic acid from quinoline (see 
pyridine). 

Qiiinoline forms well-characterized salts with acids. In 
these salts it acts like a mon-acid base. The number of sub- 
stitution-products derivable from quinoline is lai^e. Thus 
there are seven mono siibstitntion-producte possible, as will be 
seen by an examination of the figui-e below: — 

(1) 

CHc 

(2)Hq^"'^CH(.) 



ffiF 



(4) (>) 

A substituting atom or group may take the place of any one 
of the hydrogen atoms indicated by the letters n, y3, and y, and 
.the numbers 1, 2, 3, 4, each of which bears a different relation 
to the nitrogen atom. According to fits there are seven possi- 
ble mono-methyl derivatives. All of these are known. So also 
there are seven possible raono-chlor derivatives, and all of tliese 
are known. 

The methyl derivatives are designated by the letters a, ft y, 
and the numbers 1, 2, 3, 4. 

o-Methyl-quinoline, quinaldine, 0,Hs(CHa)N. — This 
occurs in coal tar, and can be made by digesting aniline, 
paraldehyde, and hydrochloric acid: — 
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N N = 0{CH3) 
and by treating o-amino-benzoic aldehyde with acetone : — 



T./' 



CHO CH. /CH = CH 



I +2 HA 

-..., w. ^.., N=C-CHj 

vMethyl-quinoline, lepidine, CsH6(CH3)N. — This occurs 
together with quinoliue and quiualdlne la coal tar, and it is 
formed by distilling cinchonine with caustic potash. When 
this is brought together with iso-amyl iodide an addition- 
product is formed, and when the latter is treated with caustic 
potash the substance known as cyaiiin is formed: — 
2 CHaN . CjH J = C^Hjs'N",! + HI. 

Cyanin forma monoelinic prisms with a metallic green lustre. 
Its solution in alcohol is deep blue. This color is destroyed 
by acids and restored by alkalies. 

/ N=CH 

1-Hydroxy-qtiinoline, CbHjCOHX' I , is formed from 

l-quinoUue-sulphonic acid by fusing it with caustic potash. 

<i-Hydroxy-quinoline, carboBtyril, is formed by the elimi- 
nation of water from o-amino-cinnamic acid. It has either the 
hydroxyl or the keto group in the pyridine ring : — 
CH,,CH CH(,CH 

H, 

Hydrogen additiorh^roducts ofquinoUne and Us derivatives. — 

Quinoline, like naphthalene, takes up hydrogen quite easily. 

Tin and hydrochloric acid convert it into te trashy dro-quinol in e, 

in which the hydrogen has been added to the pyridine ring: — 
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^NH-CH, 



The tydrochloride of l-hydroxy-niethyl-tetra-liydro-qiiino- 
line is used as a febrifuge under the name kairine. 

The sulphate of 4-methpxy7tetra-hydro-quinoiiiie, called thai- 
line, is also used as a febrifuge. 

The final product of the addition of hydrogen to quinoliiie 
is deca-hydro-quinoline, CBH^lif. 
CH^CH 

laoquinoline, . — A base isomeric with quino- 



line is found with it in coal tar. This base, which is called 
isoquinoline, can be made by methods that show that the 
isomerism with quinoline is due to a difference in the position 
of the nitrogen atom. In it the nitrogen atom is not directly 
connected with the benzene ring, but it is in the ;S-position as 
sliDwn in the above formula. It can be made, for example, 
from the imide of an acid of the formula CtHi<pQi* 
(homophthalic acid). This imide has the formula 
/CH,-CO 

c,h/ I . 

^CO - NH 

When treated with phosphorus oxychloride it gives dichlor- 

,CH =CC1 
isoquinoline, CoH4< | , and this when reduced by means 

^Cl = N CH = CH 

of zinc dust gives isoquinoline, CaHj/ | . Isoquinoline 

melts at 23° and'boils at 240.5°. It resembles quinoline in its 
general properties. 

Several alkaloids are derivatives of tetra^hydro-isoquinoline," 
such, for example, as papaverine, nareotine, and hydrasHne. 
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CHAPTER XX 

H7DS0CARB0NS CONTAINING TWO BENZENE RESIDUES 
INDIRECTLY COMBINED 

DiPHETfYL and naphthalene have been ahowu to cgnsisfc of two 
benzene residues in direct combination. Diphenyl-m ethane is 
an example of a hydrocarbon consisting of two benzene resi- 
dues in indirect combination, CgHj.CHa.CaHj. As diphenyl- 
methane is closely related to toluene, it was treated of in 
. connection with the hydrocarbons of the benzene series. 
There are some hydrocarbons which have been shown to con- 
sist of two benzene residues united by means of residues of 
unsaturated paraffins. The most important of these is the 
well-known anthracene. 

Anthracene, C,(Hio. — Anthracene is formed under condi- 
tions similar to those which give rise to the formation of 
naphthalene, especially by heating organic substances to a 
high temperature, and is hence found in coal tar. 

It has been made synthetically from benzene derivatives by 
a number of methods : — 

1. By heating ortho-brom-benzyl bromide with sodium : — 



( Br„j 

„„ ( CH^Er , Br ) „„ , ,^ 

C'^^JBr +BrH,C)^'"' + ^^^ 

= C.H,/| Nc8H, + 4NaBr-f-2H. 
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2. By treating a mixture of benzene 'and acetylene tetra- 
bromide witli aluminium chloride : — 

BrCHBr ,CH. ' 

CgH, + I + C,Hg = CgH,< >CeH4 + 4 HBr. 

BrCHBr ^CH/ 

Anthracene is prepared in large quantity from those portions 
of coal tar which boil between 340° and 360°. The distillate 
is redistilled, and that which distils after the temperature has 
reached 340° is treated with liquid sulphur dioxide to remove 
the impurities. When pure it forms laminae, or monoelinic 
plates, showing a beautiful blue fluorescence. It melts at 213°, 
and boils at 351°. 

Anthracene takes up hydrogen, forming dirhydro-aiitliracene, 
CmHu, and kexa-ht/dro-antkracene, C„H,„. It takes up bromine 
and chlorine, forming first addition-products and then substi- 
tution-products. 

Oxidizing j^ents convert anthracene into anthra-f/uinone, 
ChHjOj, just as they convert naphthalene into naphtho- 
quinone. 

The formation of anthracene from ortho-brom-benzyl bromide 
and from benzene and acetylene tetrabromide (see above) fur- 
nishes strong proof in favor of the view that anthracene con- 
sists of two groups, CgH,, united by the group, OjHj; thus, 
CaH(.CjH2. C(H^. It hence appears as a diphenylene' deriva- 
tive of ethane,- CjH,{CjH,)„ analogous to diphenyl-ethane, 
C(H,(CbHs)j. This conception may also be expressed thus : — 

H H 

p-RC^ \c-C^-c/ \:H^ 
^HC. ,C-CH-C. yCH/3 



iFlieaylea«-C,H(. 
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ANTHRAQUINONE - 409 

This is the formula commonly accepted for anthracene, It is 
in harmony with a large number of facts, and has been an 
efficient aid in investigations on anthracene and its derivatives. 
The Greek letters, a, p, y, show the three difEerent positions of 
the hydrogen atoms, and indicate that there are three possible 
mono-substitution-products of anthracene. 



quinone is formed 

1. By direct oxidation of anthracene : — 

C„H ,0 -t- O3 = C,4H,0j -I- HjO. 

2. By distilling calcium benzoate : — 

C,H4 < H^HOQc ^^'^' = ^'^^' "^ CO > ^*^* + ^ ^'^■ 

3. By treating phtbalic anhydride with benzene in the 
presence of aluminium chloride. The first product is ortho- 
benzoyl-benzoic acid : — 



The ortho-benzoyl-benzoic acid thus formed is converted into 
anthraquiuone when heated with phosphorus pentojiide: — 



'"COOH "''"' *^C0' 
By distilling calcium phthalate: — 



''*{i^^-i 



j co:o 



C.H.<™>C,H, + 2CaC0, 



Experiment 79. — Dissolve W commercial anthracene in 220™ hot 
glactal acetic aciJ. Slowly add to the boiling Bolution 50" chromic acid 
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in dO" acetic acid (50 p. c). Boil for some hoare. After cooling, add 
750« water; filter; wash; dry; and sublime . 

Anthraquinone forms rhombic crystals, melting at 285°. It 
sublimes id yellow needles; ia insoluble in water, but slightly 
soluble in alcohol and ether. It is an extremely stable com- 
pound, resisting the action of alcoholic potash and oxidizing 
agents. Fused with solid potassium hydroxide, it yields ben- 
zoic acid ; — 

-.CO' 

Reducing agents convert it successively into oxantkrand, 
C„H,oOj, anthranol, 0„HioO, and anthracene, ChHmc These 
changes may be represented thus: — 

Oisnthnnot 

C«H,<^JJ^^^>C,H. + H, = C6H4<1 >CJI,+ H,0; 



*^H CH • 

When heated with zinc dust, it yields anthracene. A great 
many derivatives of anthraquinone have been made. Among 
the best known are the hydroxyl derivatives, some of whicli 
are much-prized dyes and are manufactured in gi'eat quantities. 

The hydroxyl derivatives of anthraquinone can be made bj 
melting either the bromine derivatives or the sulphonic acids 
with caustic potash. 

mSXxy-^.thraqulaon., 1 CSO. [0„H.O. (OH),].- 

Alizarin is the well-known dye that was originally obtained 
from madder root. The substance found in the root is rvbe- 
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rythric add, a glucoside of the formula Cs«HjsOu. When this 
is treated with dilute acids or alkalies or ferments, it is decom- 
posed, yielding alizarin and a glucose : — 



It is formed by fusing dichlor- or dibrom-anthraquinone or 
the sodium salt of anthraquinone-monosulphonic acid with 
caustic soda and potassium chlorate : — 

C„HjOj . SOjNa + NaOH + = Ci,H(Oj (OH)s + NajSOj. 

Alizarin is now maQufactuxed from anthracene on the large 
scale, and large tracts of land that were formerly used for 
cultivating madder are now used for other purposes. 

Experiment 80. Dissolve 20s aathraqulnoue In a smalt quantity of 
fuming sulphuric acid, beating gradually to 200°. Dissolve the product 
in a litre of water. Neutralize with finely powdered chalk ; filter. Pre- 
cipitate witb a solution of aodium carbonate ; filter ; and finally evaporate 
to dryness. The salt thus obtained is impure sodium anthraquinone-mono- 
aulphonate. In an iron crucible mix 10« of the sulpbonate, 40s sodium 
hydroxide, and 3* potassiutn chlorate, and beat for several hours at 105° 
to 176°. The formation of alizarin, duiing the melting, is shown by the 
dark purple color of the mass. When a little of this is dissolved in water, 
it should form a beautiful purple-red solution. Continue the meltinguntil 
the mass acts in this way. Dissolve the mass in J' to ]' water, and acidify. 
Alizarin is thrown down in brown amorphous flakes. Filter off, dry, and 
sublime between watch-glasses. 

Alizarin forms red needles, which melt at 289°. It dissolves 
in alkalies, forming dark purple-red solutions. When heated 
with zinc dust, it yields anthracene. It was 'this reaction 
which gave the first clew to the nature of alizarin, and led, 
soon after, to its synthesis. 

The two hydroxyl groups in alizarin are in the a and fi posi- 
tions in one benzene ring, as shown in the formula 
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CHj,COj,C(OH) 



The evidence in favor of this view is this: Alizarin is 
formed by heating pyrocatechol and phthalic anhydride with 
Bulphurio acid. This shows that the two hydroxy] groups are 
in the ortho position with reference to each other. It is only 
necessary to show that one of the hydroxyls is in the a position 
to make the evidence complete. A second di-hydroxy-anthrar 
quinone known as quinizarin is formed from phthalic anhydride 
and hydroquinol. In quinizarin, therefore, the hydroxyl groups 
are in the para position with reference to each other, — 
CH CO C(OH) 




JCH- 

When quinizarin is oxidized, a third hydroxyl group is intro- 
duced, and purpuric, a trihydroxy-anthraquinone, is formed. 
The same is true of alizarin. It follows therefore that in 
alizarin the hydroxyl groups are in the a and p positions : — 
CH CO C(OH) 

/\c/\cA 



OH CO C(OH) 

Hc/yyNcH 

HcliiJcH 
CH^'CO^CCOH) 



^COpC(OH) 



/\,. 



|C{OH) 



'^CU'^C(OH) 
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There are ten possible di-hydroxy-anthtaquinones. Nine of 
these are known. Those in which the hydrosyl groups are in 
the ortho relation to each other have coloring power. 

TrS?Si)'xyanthraquinQne. } Ci4H,O,[Cl,H.O2COH)0. - 
Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It can be made by melting alizarin-sul- 
phonic acid with caustic potash, by melting tri-bromanthra- 
quinone with caustic potash, and also by oxidizing alizarin or 
quinizarin with manganese dioxide and sulphuric acid. 

It dissolves in water, forming solutions that are pure red. 
With alumina mordants it gives a beautiful scarlet red. 

Anthrapurpurin, isopurpurin, Ci,HjOa(OH)s, is found in 

artificial alizarin. 



Fhenanthrene, ChHio, which is isomeric with anthracene, 
is also found in the higher boiliug parts of coal tar. It is 
found further in "Btupp," a mixture of substances obtained 
in the distillation of mercury ores in Idria. It is formed from 
dibenzyl and from o-ditolyl by passing their vapors through 
red-hot tubes: — 

CeHj-CHs 1 

C,H,.CH, ^" C.H,.CH 

} > 1> 
CeH,.CH, C„H,.CH 

CbH^.CH, J 

When oxidized, phenanthrene is converted into diphenic acid 
which has been shown to be a di-ortho carboxyl derivative of 
dipheny], — 

CbHj.COjH 

I 

C(H,.CO;H 
In this process phenanthraquiuone is formed as an interme- 
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diate product. This bears to pbenanthrene the same relation 
that anthraquinone bears to anthracene. The facts mcDtioned 
and all other facts known in regard to pbenanthrene make 
it clear that this hydrocai'boa is made up as shown in the 
fonnula 

CH CH 

CHCH*^ ^CHCH 

It is a derivative of diphenyl, and consists of three benzene 
rings. The formation of phenanthraquinone and of diphenic 
acid by oxidation of phenanthene is easily explained on this 
assumption. 
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CHAPTER XXI 
OLUCOSIDES, ALKALOIDS, ETC— CONCLUSION 

Under the head of the sugars, reference was made (see p. 188) 
to a class of compounds called glucosidea, that occur in plants. 
These substances break down under the Influence of dilute 
acids or enzymes into some variety of sugar and other com- 
pounds. Thus, salicin breaks down, according to the equation 

C,H,(OH)CHj(OC,HuOi) + Hfi 

= CgH, A + CbH,(OH)CH,OH 

'OlucoM Sal Lcyllc alcohol 

into glucose and salicylic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

^sculin, 0,sHiaO„ + ll HjO, occurs in the bark of the 
horse-chestnut tree (jSscnlus liippocaatanum). It breaks down 
into glucose and £esculetin ; — 

CiiH„0» + HiO = CeH, A + CeHA 

Its water solution shows blue fluorescence. 

Amyedalin, CauHjjNOn + 3 HjO, occurs particularly in 
bitter almonds ; also in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, an enzyme contained in the 
aqueous extract of almonds, amygdalin is broken down into 
benzoic aldehyde, hydrocyanic acid, and glucose: — 

CioH^N'O,, + 2 HjO = CjHjO + CNH + 2 C^J)^ 
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Arbutin, 0,jHisO„ and Methyl-arbutin, CuH„0„ occur in 
the leaves of some varieties of the grape. They break down 
into glucose and hydroquinol or methyl-hydroquiuol. 

Coniferin, CijHjjOs + 2 H^O, occurs in the cambium layer of 
the conifers. It breaks down into glucose and coniferyl alco- 
hol. It yields vanillin when oxidized, and was at one time 
used in the preparation of vanillin on the large scale. 

Helicin, C13H16O7 + H^O, is formed by the action of nitrous 
acid on salicin (which see). It has also been made artificially 
by mixing an alcoholic solution of aeetochlorhydrose with the 
potassium compound of salicylic aldehyde: — 

CaH,C10s{C2H,0)4 + C,H,OsK + 4 C^HsO 
= C„H„0, + KCl + 4 C,H,.CjHsOr 

Aeetochlorhydrose is formed by heating glucose with an 
excess of acetyl chloride. 
Helicin breaks up into glucose and salicylic aldehyde. 

Myronic acid. CioHuNSiOio, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosiu, which is contained in the aqueous extract of mustard 
seed, potassium myronate is converted into glucose, ally] 
mustard oil, and acid potassium sulphate : — 

C^H„NS,0,„K = CeHi^Oo + C3H, . NCS + K H SO,. 

Phloridzio, C;,Hj,Oio, is a crystalline substance found in the 
root bark of fruit trees. It yields glucose and Phloretin, 
CijH„Os, which gives phloretic acid, CuHioOj, and phloroglucinol 
(which see). 

Salicin, OiaHuO,, occurs in willow bark, and in the bark 
and leaves of poplars. Its decomposition into salicylic alcohol 
and glucose has been referred to (see preceding page). 
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Saponin, 0„H2„_sOio. is found in soap root (Saponaria 

officinalis). Its water solution forms alather like that formed 
by soap. 

Alkaloids 

The alkaloids are compounds occurring in plants, frequently 
constituting those parts of the plants which are most active 
when taken into the animal body. They are hence sometimes 
called the active principles of the plants. Many of these sub- 
stances are used in medicine. As I'egards their chemical char- 
acter, they are basic in the sense that ammonia is basic ; they 
contain nitrogen, and form salts, just as ammonia does, i.e., by 
direct addition to the acids. These and other facts lead to the 
belief that the alkaloids are related to ammonia — that they 
are substitnted ammonias. It has been shown, that several of 
the alkaloids are related to pyridine (see p. 351) and q\iinoline 
(see p, 401). Only a few of the more important alkaloids need 
be mentioned here. 

Alkaloids of Peruvian Bark 

Quinine, C,„H;iN,02 + 3 H^O. — This valuable substance is 
obtained from the outer bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine! In view of the 
interest connected with quinine, the discovery of its relation 
to pyridine and quinoline has led to a large number of investi- 
gations on the derivatives of these two bases, and it is probable 
that in time it will be possible to make quinine synthetically 
In the laboratory. 

The salts of quinine are formed by direct addition of the 
base to the acids. Examples are 

Quinine hydrochloride . CaoHMNaOj.HCl; 
Quinine nUnUe .... G^^jd^. HNO3; 
quinine sulphate . . . CsoH^NiO,.II^O„ etc., etc. 
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Oincbonine, 0,«Hi]KiO, Cinchonidine, 0,iHi,NiO, and 
other bases occur with quinine in Peruvian bark. 

Cocaine, On'B.n'SOt, is found in coca leaves (Erytkroxylon 
coca). . It melts at 98° and is levo-totatory. Its hydrochloric 
acid salt, C,7HnN0,.HCl, has recently come into prominence 
in medicine, owing to the fact that it is a powerful anaesthetic. 

Nicotine, CioHnNa, occurs in tobacco leaves in combination 
with malic acid. Potassium permanganate cpnverts it into 
nicotinic acid, which is one of the possible pyridine-monocar- 
bonie acids. 

Atropine, CnHisNOj, is found In many varieties of Solanum 
together with hyoscyamine, with which it is isomeric. It is 
produced from this by treating it with alcoholic potasaium 
hydroxide. Atropine gives tropine and tropic acid (which see) 
when boiled with baryta water. Tropic acid has been shown to 
be a-phenyl-hydracrylic acid, 

CHsCOH-CH-COaH. 
I 
C,H. 

Tropine, OaHuNO, the basic constituent of atropine, has 
been prepared artificially. 

Alkaloids of Opium 

Opium is the evaporated aap which flows from incisions in 

the capsules of the white poppy (Papaver somniferum) before 

they are ripe. The three pi-incipal alkaloids contained in 

opium are morphine, codeine, and narcotine. 

Morphine, 0„Hi9NO, + H2O, is a crystallizable solid which 
is difficultly soluble in water, alcohol, and ether, Wlien de- 
composed, it yields pyridine, trimethylamine, and phenau- 
threne, together with other products. It is important as a 
soporific. 
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Codeine, CisHsiNOs, is a mono-methyl derivative of mor- 
phine and can be prepared from it. Like morphine it is exten- 
sively used in medicine. 

Narootine, OajHisNOTi haa been shown to contain three 
methyl groups, which are split off, as methyl chloride, when 
the substance is heated with hydrochloric acid. It is a deriva- 
tive of tetra-hydro-isoquinoline. 

Piperine, CnHnNOa, is contEuned in black pepper. When 
treated with alcoholic potash, it breaka down into piperidine 
and piperic acid : — 

Ci;H„NOs + HjO = C,H„N + C„H,oOj. 

PLperiiltaa Piparlc Kid 

Piperidine, O^nK, which, as just stated, is formed by the 
decomposition of piperine, has been made synthetically hj 
treating pyridine with nascent hydrogen : — 
C,H,N-|-6H = CiHuN. 

Pyridine Pipi^i'iillne 

It is therefore hexcirhydropyriiline (see p. 353). 

Strychnine, CaiHiaNaOa, and brucine, OsjHmNsO, + 4 HjO, 
are two alkaloids that occur in nux vomica. Strychnine is a 
most violent poison. 

In the animal body occur a large number of complicated sub- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins,. caseins, and fibrin; 
the coloring matters of the blood, oxyhEcmoglobin, haemoglobin, 
etc. A knowledge of these substances is of great importance 
for physiology, and much progress has been made in this field. 

The study of the composition o£ animal substances, such 
■as milk, urine, etc., and of the relations of the chemical sub- 
stances occurring in the body to the processes of life,- is the 
object of physiological chemistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, how- 
ever, the subjects treated of under the head of Physiological 
Chemistry cannot be understood. 
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Albumins, etc. 

The albumins form the most important part of the orgauism. 
They enter into the composition of protoplasm and of all the 
nutritive liquids of the body. They are for the most part pre- 
cipitated by heat, by strong mineral acids and by many me- 
tallic salts, such as cupric sulphate, lead acetate, mercuric 
chloride ; by alcohol and tannic acid. With sodium hydroxide 
and very little cupric sulphate they give a violet color. This 
ia the biuret-reaction referred to on page 221. 

The different varieties of albumin have approximately the 
same composition. All contain carbon, hydrogen, oxygen, 
and sulphur. 

Hydrolytic agents such as hydrochloric or sulphuric acid, 
baryta water, potassium hydroxide, and also certain enzymes, 
as, for example, pancreas enzyme, break down the albumins 
and give many simpler products, prominent among which are 
amino-acids. Several of these products have been treated of 
in the proper places. Those which should receive special 
mention are ; 

Glycine, alanine, amino- valeric acid, leucine, isoleuclne, 
phenyl-alanine, aspartic acid, glutamic acid ; serine, tyrosine, 
cystine, cysteine ; diamine- valeric acid (ornithine), diamino- 
caproic acid (lysine) ; urea, ammonia. 

The amino-acids are linked together in the albumins, forming 
very complex molecules. The polypeptides (whieli see) are 
intermediate between the amino-acids and the albumins. 

Peptones. — These are products formed by the action of the 
juices of the stomach (pepsin) and of the pancreas enzyme ou 
the albumins. The first products of the action are anli- and 
hemi-albumoae. These then pass over into pepone. The pep- 
tones are easily soluble in water, and are not coagulated by 
heat. Further, they are not precipitated by most of the 
reagents that precipitate albumin. The peptones appear to be 
closely related to the artificially prepared polypeptides (see 
p. 226). 
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Chlor-acetic acids, 63. 
Chloral, 54. 

hydrate, 64. 
Chlor-bensene, 279. 

-benzoic acid, 326. 

-beniyl alcohol, 317, 

-ethane, 30. 

-formic acid, 158. 
Chbrhydrin, ISO. 
Chlor-methane, 25, 28. 

-naphthalenes, 395. 

-picrin, 102, 

•propionic acida, 132, 
Chloroform, 28, 
Chotic acid, 210. 
ChrysBinlne, 3S8. 
Cimicio acid, 238, 
Cinchonidine, 418. 
Cinchonhie, 4 IS. 
Cinnamic acid, 376, 

aldehyde, 376. 
Cinnamyl alcohol, 375. 

chloride, 377. ■ 
Citraconic acid, 244. 

anhydride, 183, 245. 
Citrates, 183. 
Citric acid, 1S2. 
Clas^Gcation of carbon 

compounds, 17. 
Coal tar, 3, 254. 
Cocaine, 418. 
Codeine, 419. 
Cod-liver oil, 153. 
Collidine, 350. 
Collodion, 201. 
Colophony, 358. 
Combustion process, 11. 
CopEo red, 388, 398. 
Coniferin, 416. 
Conines, 353. 



Constitution of com- 
pounds, 16. 
Constitutional formulas, 



Cream of tartar, 178. 
Creatine, 217. 
Creatinine, 2 IS. 
Creosote, 309. 
CresoU, 309. 
Crotonic acid, 233, 239. 

acids, 239. 

aldehyde, 237. 
Cryptidine, 401. 
Crystal violet, 368. 
Crystallization, 4, 
Cuminic aldehyde, 319. 
Cuminol, 319. 
Cuminyl alcohol, 318. 
Cyan-acetic acid, 143, 

-amides, 216. 
Cyanates, 93. 
Cyanic acid, 85. 
Cyanides, 82, 88. 
Cyanin, 405. 
Cyanogen, 80. 

chlorides, 85. 
Cyan-propionio acid, 

146, 147. 
Cyanuramide, 216. 
Cyanuric acid, 86,221, 
Cymene, 255, 274. 
Cymogeoe, 111. 
Cyateln, 209. , 
Cystine, 209. 



Denatured alcohol, 42. 
Dextrin, 204. 
Dentro compounds, 135, 
Dextrose, 187, 
Di-Bcetaroide, 213, 

■amlno-diphenyl, 3S7. 
Diastase, 40, 200. 



Dlazo-amino-bentene, 
296. 
-amino compounds, 

295. 
•benzene compounds, 

290. 
-benzene, Potasaium, 
294. 
IHazonium salts, 290. 
Di-brom-beozeoe, 281, 
Dichlor-acetic acid, 63. 

-ethanes, 31. 
Dichlorhydrin, 150. 
Dichlor-isoquinoline, 
406. 
-toluene, 282. 
Di-cyan-diamide, 216. 
Di-ethylene derivatives, 

249. 
Di-ethyl-amine, 96. 
-glycol ether, 138. 
-phosphine, 104. 
-phosphinic acid, 104, 
-phosphoric acid, 69. 
Diglycyl-glycine, 226. 
Dihy d ro-anth racene, 

-benzenes, 276. 

-toluene, 276. 
Dihydroxy-acids, 169. 

-anthraquinone, 410. 

-benzenes, 310, 

-benzoic acids, 343. 

-dibasic acids, 176. 
Dihydro-xylenes, 276. 
Dihydroxy-naphthoqul^ 
none, 401. 

•purin, 225. 
Dibydroxy-succinio 
acids, 177, 

-toluene, 313. 
Diiodo-m ethane, 38. 
Dimeth y 1-acety lene, 
249. 

-amine, 97. 

-ami no-azo-be nzene 
BUlphonate, 301. 

-aniline, 288. 

-carbinol, 128. 

-ethylene, 233. 

-ethyl-methane, 117. 
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Dimethyl-ketoae, 71. 

-methyl alcohol, 123. 

-phosphine, 104. 

-pyrocateehol, 311. 

-xanthine, 226. 
Dlnitro-beniene, 285. 

-di-phcaiyl-di-acety- 
lene, 384. 

-naphthol, 399. 

•naphtholsulphonic 
aoM, 400. 
DktxindDl, 384. 
Dioxyacetone, 1S6. 
Dipentenea, 357. 
Diphenic acid, 413. 
Diphenyl, 386. 
Diphenyl-amine, 289. 

-amine orange, 302. 

ether, 305. 

-imide, 388. 

-iodoniuni hydroxide, 
280. 

ketone, 346. 

-metbane, 362. 

•phthalide, 370. 

•tetrazonium chlo- 
ride, 387. 
Dipropargyl, 252. 
Di-sodiiun glycol, 138. 
Distillation, 5, 
Diterpenea, 355. 
Dodecane, 109. 
Drying oils, 251. 
Dulcite, 156. 
Durene, 255. 
Dynamite, 153. 
Dyeing, 367. 
DyeH, aniline, 308. 

benzidine, 387. 

substantive, 368, 388. 

tri-phenyl-methane. 



Emerald green, 60. 
Emulan, 415. 
Eniymea, 40. 
EoHin, 373. 
Erudc acid, 238, 
Erythrite, 154. 
Eiytbritic acid, 170. 



Erythrol, 154. 
Erythrose, 186. 
Efltera, 38, 07. 
Ethanal, 47. 
Ethandiol, 137. 
Ethane, 21, 25, 109. 
Ethanic acid, 58. 
Ethanoi, 39. 
Ethanolic acid, 160. 
Ethene, 230. 
Ether, 43. 

Ethereal aalta, 38, 67. 
Ethers, 42. 

Mixed, 46. 

sulphur, 76. 
EthJQe, 246. 
Ethyl acetate, 61, 69. 

-acetylene, 249. 

alcohol, 39, 129. 



100. 






-benzene, 269. 

butyrate, 134. 

carbamine, 90. 

carbinol, 128. 

chlor-carbonate, 158. 

chlor-fonnate, 158. 

chloride, 30. 

cyanide, 88. 
Ethylene, 230, 231. 

alcohol, 137. 

bromide, 137, 232. 

chlorhydrin, 138. 

chloride, 32, 232. 

cyanide, 146. 

-dicarbonic acids, 241 . 

glycol, 137. 

lactic acid, 165. 

series, 230. 

succinic acid, 146. 
Ethyl-ethylene, 233. 

ether, 43. 

-glycol ether, 138. 

glycolate, 161. 

-glycolic acid, 161. 
Ethylidene chloride, 32, 

51. 
d-Ethylidene-lactlc 



i-Ethylidene-lactio 

acid, 163. 
Z-Ethylidene-lactio 

acid, 164. 
Ethylidene succinic 

acid, 147. 
Ethyl iodide, 30. 
isocyanlde, 90. 
isosulphocynate, 94. 
•mercaptan, 75. 
-methyl alcohol, 123. 
-mustard oil, 94. 
nitrate, 69. 
-phenyl ether, 292, 

305. 
phosphate, 69. 
phoBphine, 104. 
phosphinic acid, 104. 
phosphoric acid, 69. 
sulphate, 69. 
sulphide, 76. 
•Eulpho-carbamic 

acid, 94. 



Fata, 153. 
Fatty ooida, 38. 
Fehling's solution 
Fermentation, 4, ; 



Lactic acid, 39. 
Ferments, 39. 

Unorganized, 40. 
Ferric succinate, Baac, 

147. 
Ferricyanides, 83. 
FerrocyanidcB, S3. 
Fibrin, 419. 
Fire damp, 24. 
Flashing-point, 112. 
Fiuorescian, 372. 
Formal, 47. 
Fonnalin, 47. 
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Fomirc acid, 55, 130. 


Glycocoll, 160,207. 


-pyridine, 419. 


aldehyde. 47. 


Glycogen, 204. 


-toluene, 276. 




Glycol, 137. 




Fonnula,Coiistitutioiial, 


salts, 138. 


Hexane, 21, 109, 118. 


16. 


Glycolic acid, 160. 






Glycolide, 161. 


Hexene, 230. 


Stniotural, IS. 


Glycols, 138. 


Hexoic acid, 130. 


Fractional crystalliza- 


Glycyl-glycine, 226. 


Hexoses, 186, 187. 


tion, 4. 


Glyoxylic acid, 176. 


Hexyl alcohols, 129. 


dUtillation, 6, 


Grape sugar, 40, 187. 


Hexytene, 230. 


Fnictosaione, 194. 


Grignard'a reactions. 


Hippuric acid, 207, 


d-Fnictose, 190. 


106. 


330. 


i-Fructoae, 190. 


Guaiacol, 311. 


Hofmann'a reaction, 


^F^uctose, 191. 


Guanidine, 217. 


214. 


Fruit augar. 190. 


Guanine, 226. 




Fuchsine, 368. 


Gutonic acids, 172. 


Homologv, 21. 


Fulminating mercury. 


Guioses, 196. 


Homophthalic acid, 406. 


103. 


Guma, 204. 


Honey stone, 337. 


Fulminic acid, 103. 


Gun cotton, 201. 


Human fat, 153. 


Fumaric acid, 174, 241. 




Hydracrylic acid, 164. 


Fusel oil, 41, 121, 127. 


H 


Hydrastinc, 406, 
Hydrazines, 101, 397. 


G 








Heavy oil, 254. 


Hydrazonea, 193. 


Galactoses, 195. 


Helioin, 416. 


Hi'f1m_/>bmnhartD ^7fi 


xiyaro-campnene, j^o. 
Hydrocarbons, 18. 


Gallic acid, 345. 


Heliotropine, 345. 


Hydro-earbostyrii, 334. 


Garlic oil, 235. 




-cinnamic acid, 338. 


Gasoline, 111. 


Hemiterpenes, 366. 




Gelatin, Explosive, 202. 


Hempel tube, 8. 


Hydrolysis, 196. 


augar, 207. 


Hepta-naphthene, 275. 


Hydro-naphthoqui- 


Gcranial, 356. 


Heptanes, 109. 


none, 400. 


Geranic acid, 356. 


Heptene, 230. 


Hydroquinol, 312. 


Geraniol, 356. 


Heptoic acid, 130. 


Hydrosorbic acid, 238, 


Glacial acetic acid, 59. 


Heptose, 186. 


251. 


Gluconic acids, 172. 


Heptyt alcahols, 129. 


Hydroxy-aoetio acid, 


Glucosarone, 194. 


Heptylene, 230. 


160. 


Giucoae, 40, 187. 


Hesa-brom-benzene, 


acids, 167. 


Glucosides, 188, 415. 


278. 


-benzoic acids, 337. 


Glyceric acid, 162, 170. 


HexBchlor-benzene, 


-butyric aUehyde, 


aldehyde, 186. 


278. 




Glycerin, 148. 


Hexadecane, 109. 




Glycerol, 133, 148. 


Hexahydro-anthracene, 


-dibaac acids, 172. 


esters, 152. 


408. 


-ethyl-sutphonic acid, 


nitratea, 153. 


-benzenea, 276. 


167. 


Glycerose, 185. 


-cymene, 355. 


-formic acid, 158. 


GlyceryUri-oleate,240. 


-methyl-benzene, 256. 


Hydroxyl, 37. 


tri-palmitate, 149. 


-methylene, 275. 


Hydroxy lamine, 103. 


tri-stearate, 149. 


-m Pth vl-pararosani- 


Ilydroxy-methyi-tetra- 


Glycine, 207. 


line, 368. 






-uaphthene, 275. 


400. 
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••Hydroxy-proptonic 

acid, 163. 
P-Hydroij-propionic 

acid, 164. 
Hydroxy-propionic 

Hctda, 162. 
Hydroxy-quinolines, 
405. 
-succinic Hcida, 173. 
-aiilphonic acida, 167. 
-tribadc acids, 181. 
HyenJCBcid, 131. 
Hyoscy amine, 418. 
Bypogsic acid, 233. 

I 



Indigo-btue, 382. 

Indigotia, 382. 
Indol, 384, 385. 
Indoxyl. 383. 
Internal compensatloi 



Invert augar, 198. 
Invertaae. 40. 
lodo-beniene, 280. 

•cyclohexane, 275. 

-ethane, 30. 

-methane, 28. 
lodofonn, 28. 
lodonium hydroxicii 

280. 
lodoso-benzene, 280. 
lodoxy-benzene, 280. 
laatlne, 328. 
Isethionic acid, 167. 
laobutane, 115. 
Jsobutyl alcohol, 125. 

-carbinol, 128. 
Isobutyric acid, 134. 

IsooyanateB, 93. 
laocyanides, 90. 



Isodlazo-benzene, 294. 
•benzene-oxide, 294. 
[gohexane, 118. 



Linoleic acid, 251. 
Litmus, 313. 
Lutidines, 350, 353. 
Lyddite, 307. 



Iso-paralGna, 119. 
[sopentane, 117. 
!gophenylcro tonic acid, 

390. 
isophthalic acid, 335. 
iaoprene, 356. 
sopropyl alcohol, 121. 
[gopurpurin, 413. 
'soqulnoline, 401, 406. 
soauccinic acid, 147. 
IsoBulphocyanates, 94. 
■ aconic acid, 244. 
anhydride, 183, 245. 



Ketone alcohols, 186. 
Ketones, 71, 346. 
Ketosea, 186. 



Lacmoid, 312. 

Lactam compounds, 329. 

Lactic acid, 163. 

aclda, 162. 
t-Lactic acid, 164. 
Lactim compounda, 320. 
Lactones, 168. 
Lactose, 199, 
Lard, 153. 
Laurie acid, 130. 
Laurinol, 360. 
Lead pUater, 149. 

sugar of, 60. 
Lepidine, 401, 405. 
Leucine, 209. 
Leva compounds, 135. 
Levulose, 190. 
Light oil, 251. 



Maltacadd, 174, 241. 

anhydride, 244. 
tt-Malic acid, 176. 
i-Malic arad, 175. 
2-Ma1ic acid, 174. 
Malonic acid, 143, 145. 
Malonyl ui«a, 223. 
Malt, 200. 
Haltaae, 200. 
Maltose, 200. 

jidelic acid, 332. 
Manna, 155. 
Mannite, 155. 

hex-acetate, 156. 

hexa-nitrate, 155. 
Uannitol, 155. 
Mannoheptite, 156. 
MannonJo acida, 171. 
Manno-aaccharic acid, 

155. 
Mannoses, 195. 
Margaric acid, 131- 
Marsh gas, 21, 24. 

Beries, 109, 
Martius' yellow, 399. 
Melamine, 216. 
Melisaic acid, 131. 
Mellite, 337. 
Mellitic acid, 337. 
MelUng-polnta, 9. 
Menthanes, 357. 
Menthene, 276. 
Menthol, 357. 
Hercaptansi 75. 
Mercury ethyl, 106. 

fulminate, 103. 
Mesaconic acid, 244. 
Medtylene, 255, 370. 
Meaitylentc acid, 270, 

180. 



Meso tartaric 
Mesoxalic add, 176. 
Meta-am ino-benzoic 

wM, 329. 
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Bene, 311. 

-hydroxy-ben loi 

acid, 342. 

Metaldehyde, 50. 

MetBJUerism, 32. 

Meta-phthnlic acid 






e, 373. 



Methanio acid, 55. 
Methanol, 35. 
Methoxy-benzoic acid, 
305, 343. 

-tetra-hy d ro-quino- 
Une, 406. 
Methyl acetate, 69. 

-acetylene, 349. 

alcohol, 3, 35, 129. 

alcohol series, 129. 

-amine, 90, 96. 

-ammoniuiii salts, 97. 

-arbutin, 416. 

-beniene, 264. 

-carbinoi, 128. 

chloride. 25, 28. 

cyanide, 88. 

-diethyl-methane, . 
118. 

-di vinyl, 356. 
Methylene iodide, 28. 
Methyl ether, 46. 

-ethylene, 233. 

ethyl ether, 46. 

-ethyl-pyridine, 350. 

-glycocoll, 208. 

green, 369. 

-indol, 385. 

iodide, 28. 

-isopropyl-beniene, 

•naphthalenes, 401. 
orange, 301. 
-pentamethylene, 275. 
-phenyl ether, 305. 
-pheny Ihydraiine, 

298. 
-pbosphine, 104. 



-propanic acid, 134. 

-pyrocatechol, 311. 

-quinolines, 401, 404. 

sulphide, 76. 

-sulphuric acid, 09. 

-toluenes, 266. 

violet, 369. 
Milk sugar, 199. 
Mirbane, Essence, of 

285. 
Mixed ethers, 4D. 



F, 13. 

Monosaccharides, 185. 
Mordants, 367. 
Horphhie, 418. 
Moth balls, 391. 
* ' Mother-of- vinegar.' ' 

58. 
Mucic acid, 184. 
MuBtard-oils, 94. 
Mutton tallow, 153. 
Mycodenna aceti, 58. 
Myricyl alcohol, 128. 

129. 
Myriatio acid, 131. 
Myronic acid. 416. 
My rosin, 416. 



N 

Naphtha, 111. 
Naphthalene, 388. 
Naphthazarin, 401. 
Naphthenes, 275. 
Naphthionic acid, 39! 
NaphthoU, 398. 

oranges, 399. 

-sulphonio acid, 39t 

yellow S, 400. 
Naphthoquinones. 40( 
Naphthylamines, 397, 

-sulphonic acid, 39! 
Narcotine, 406, 419. 
Neo-parafiins, 119. 
Nicotine, 418. 
Nicotinic acid, 351. 
Nitriles, 89. 



Nitro-beniene, 285. 
-benzoic acids. 326. 
-benzyl alcohol. 317. 
-cellulose, 201. 
-chloroEoim, 102. 
-cinnamic acids, 378. 
compounds, 99, 101. 
-ouminic aldehyde. 



-naphthalene, 394. 
-phenols, 306. 
-phenyl-propiolic 
acid, 381. 
Nitroso compounds, 

Ni t ro-to luen es. . 286. 

-trichlormethane, 102. 
Nonane. 109. 
Nonoic acid, 130. 
Nonose, 186. 
Nonyl alcohol, 129. 
No nnal paraffins, 119. 
Nux vomica, 419. 



Octane, 100. 
Octoic acid, 130. 
Octonaphthene, 275. 
Octose, 186. 
Octyl alcohol, 129. 
(Enanthylio acid, 130. 
Oils, Drj'ing. 251. 
Olefiant gas, 230,231. 
Olefines, 230. 
Olefin-terpenes, 357. 
Oleic acid, 148, 240. 
Oteln, 153, 238, 240. 
Oleoniargarin, 153. 
Opium alkaloids, 418. 
Optical activity, 127. 
Orcein, 313. 
Orcinol, 313. 
Ortho-am ino-benzoic 
add, 327. 
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Ortho-benzoquiDone, 
349. 

-dl'hydroxy-benzeite, 
310. 

-hyd roiy-beniolc 
acid, 338. 

-phthatic Bcid, 334. 

-series, 267. 
OsaioneB, 194. 
Osones, 195. 
Oxalates, 145. 
Oxalic acid, 143. 
Oxal-ureid, 223. 
Oxaiuric acid, 223. 
Oxalyl-urea, 223. 
Oxamio acid, 215. 
Oxanthranol, 410. 
Oximes, 103. 
Oxindol, 332, 384. 
Oxy-Bcettc acid, 160. 

-acids, 157. 

-benzoic Acid, 342. 

-htcmoglobin, 419. 

-propioaic acids, 162. 



Palmitic acid, 131, 135. 

Palmitin. 149, 153. 
Papaverine, 406. 
Paper, 202. 
Para-aralno-benio ic 

acids, 329. 
Parabanlc acid, 223. 
Para-cyanogen, 80. 

-d i-liy d ro xy-beuzene, 
312. 
Paraffin, 111. 
Faraffiiis, 109. 
Parafonnakieliyde, 47. 
Para-hydroxy-benzoic 

acid, 343. 
Paraldehyde, 50, 
Para-leucaniline, 364. 

-methy l-isopropy 1- 
lienzene, 274. 

-nitro-toluene, 2S4. 

-oxybeniolo acid, 343. 

-phthaiic acid. 



ParO'toluidiiie, 289. 
Paris green, 60. 
Partial distillation, 6. 
Pelargooic acid, 130. 
Pent-Bcetyl-glucose, 

189. 
Penta-methylene-dl- 

amine, 350. 
Pentane, 21, 109, 117. 
Pentanes, 116. 
Pentene, 230. 
Pentoses, 186. 187. 
Pentyl alcohol, 129, 

alcohols, 126. 
Peptones, 420. 

bark alka- 



-series, 267, 



?, 365. 



Phenyl hydrosulphide 



-ketones, 346. 

-mercaptan, 308. 
-methane, 264, 362. 
-methyl ketone, 346. 
-propiollc acid, 380. 
-propionic acid, 333. 
-propyl alcohol, 317. 
-propylene, 375. 
-salicylate, 341. 
-tolyl ketone, 346. 



loids, 417. 



10. 



Petroleui 
PhenaceUn, 308. 
Phenanthraquinone, 

413. 
Phenanthrene, 413. 
Phenetidiite, 308. 
Phenetol, 292. 
Phenol, 302. 
Phenolates, 305. 
Phenol-acids, 337. 

-phthaldn, 369. ' 
Phenols, 302. 

Mon-acid, 302. 

Di-acid, 310. 

Tri-acid, 313. 
Phenol-sulphonic acids, 

308. 
Phenyl acetate, 306. 

•acetic acid, 332. 

-acrylic acid, 376. 

-acetylene, 380. 

-butylene, 375. 

-carbinol, 316. 
Fhenylene, 408. 
Phenyl-ethyl alcohol, 
317. 



inyta 



icid, S 



Phtoretic acid, 416. 
Phloretin, 314, 416. 
Phloridiin, 314, 416. 
Phloroglucinol, 314. 
Phosphines, 104. 
Phosphorits compounds, 

Phthaltine, 335, 369. 
Phthalic acid, 334. 

elds, 226, 334. 

nhydnde, 335. 
Phy^ologlcal chemistry, 

419. 
Picolines, 350, 352. 
Pjcrates, 307. 
Picric add, 307. 
Pimelic acid, 143. 
Pineapple essence, 134. 
Pinene hydrochloride 

358, 359. 
Finenes, 358. 
Piperio acid, 407. 
Piperidine, 353, 419. 
Piperine, 419. 
Piperonal, 344. 
Polyinerism, 32. 
Polypeptides, 226. 
Polysaccharides, 1S5, 

196, 200. 
Potyterpenes, 355. 
Potassium cyanide. 82. 
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R 


Smokeless powder, 153, 


Propane, 21, 109. 




201. 


Propanic acid, 131. 


Racemtc acid, 178. 


Soaps, 136. 


Propailol, 121. 


Radicals, 38. 141, 152. 


Sodium chloride glucose. 


Propanone, 71. 




189. 


Propantriol, 148. 


aeb, 83. 


ethyl, 105. 


PropBrgyl alcohol, 250. 


Residues, 38. 


glucose. 189. 


Propene, 230. 


Resorcinol, 311. 


glycol, 138. 


Propiolic acid, 250. 




methyl. 59. 


PropionicBcid, 130, 131. 


372. 


Soluble blue, 84, 369. 


Propyl alcohol, 73, 121, 


Rliamnite, 154. 


cotton, 201, 


129. 




starch, 204. 




Rhigoline, 111. 


Sorbicaeid, 251. 


-piperidine, 353. 


Rhodamine dyes, 308. 


Sorbite, 156. 


-pyridine, 353. 


Ribose, 187. 


Sources of compounds. 




Roccellic add, 143. 


3. 


Protocatechulc add, 


Rochelle salt, 178. 


Specific gravities and 


343. 




molecular weights, 


PniHaian blue, 84. 


Rosin, 358. 


13. 


Prusaates of polaah, 




Sperm oil, 153. 


83. 






Prussic acid, 81. 


s 


Starch, 202. 


PseuUocumenc,255, 273. 




Stearic acid, 131, 135. 


Purification of coin- 


Saccharic acid, 184. 


Stearin. 149, 153. 




Saccharin, 331. 


candle.*, 135. 


Purin, 225. 


Saceharobiosea, 197, 


Slereo-ebemistry, 167. 


Purpurin, 413. 


Saccharose, 197. 




Pyridine, 350, 351. 


oiUacetate, 199. 




bases, 350. 


Saccharotrioses, 197. 


16. 


-dicarbonie acid, 403. 


Salicin, 415, 416. 


Stryclmine, 419, 


Pyrocatechol, 310. 


Salicylic acid, 338. 


Stupp, 413. 


Pyrogallio acid, 313. 


alddivde, 339. 


Styphnic add, 312. 


Pyrogallol, 313. 


Salol, 341. 


Styrene. 374. 


Pyroligneoua acid, 3. 


Saponliicatlon, 70. 


Styryl alcohol, 375. 


Pyrotartaric acid, 143, 


Saponin, 417. 


Suberic acid, 143. 


148. 


Sarco-lacUc acid, 163. 


Substantive dyes, 368. 


Pyroxylin, 201. 


Sarcosine, 208. 




Soluble, 201. 




96. 




228. 




Q 


Sch weinf u rth's green,60. 


Succinamide, 216. 


Sebacic acid, 143. 




"Quick-vineear pro- 


Secondary alcohols, 122. 




ceas," 58. 




Succinic acid, 143, 145. 


Quinaldine, 401, 404. 


butyl alcohol, 126. 


adds, 146. 


Quinine, 417. 


propyl alcohol, 73, 121. 


anhydride, 147. 


Quiniiarin, 412. 


Seidlitz powdera, 178. 


Succinimide, 216, 


Quinoline, 334, 401. -J 


Selgnette salt, 178. 


Sucrates. 199. 




Serine, 209. 


Sugar of lead, 60. 


403. 


Sesquiterpenes, 35fi. 


of milk. 199. 


Quinone, 348. 


Silicon tetrethvl, 106. 


Sugars, 185. 




Skatol, 385. 
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Sulpho-benzoic acids. 


Tetra-hy d roxy-dibasic 


TrimeMtle acid, 270. 


326, 331. 


acids, 183. 


Trimethyl-amine, 98. 


-cyaaates, 87, 93. 


Tetra-methyl-ethane, 


-benzene, 270. 


-cyanic acid, 86. 


118. 


-carbinol, 128, ■ 




-methyl-methane. 




Sulphonic acids, 77, 298. 


117. 


-phosphine, 104. 




-nitro-methane, 102. 


-xanthine, 226. 


Sulphur alcotiols, 75. 


-phenyl-methane, 


Trinitro-methane, 102. 


ethers, 76. 


362. 


-phenol, 307, 




Tetrolic acid, 250. 


-resorcinot, 312. 




Tetroses, 186. 


-tri pheny 1-methane, 




Thalline, 406. 


364. 


T 


Theine, 226. 


Trioaea, 186, 






Triphenyl-carbinol, 364 


Tallows. 153. 




-carbinol-carbon io 


Tannic acid, 346. 




acid, 370, 


Tannin, 346. 


Thio-urea, 224. 


-methane, 362, 363. 


"Tartar," 177. 


Thymol, 309. 




Cream of, 178. 


Tin tetrethyl, 106. 


Trivalent radicala, 162. 


emetic, 178. 


Toluene, 255, 264. 


TropffolinD., 301. 


d-Tartaric acid, 177. 




TrlipEBolin OO, 302. 


i-Tartaric acid, 180. 


-sulphon-chloride.299. 


Tropic acid, 418. 


{-Tartaric acid, 180. 




Tropine, 418. 


Tartratea, 178. 


o-Toluic acid, 332. 


Tumbull's blue, 84. 


Tartrooic add, 152, 173. 


Toluic acida, 266, 300, 




Taurine, 168, 210. 


331. 




Taurocholio acid, 210. 




u 


Tautomerisra. 92. 


Tolyl-carbinol, 318. 




Teracrylie acid, 238, 


-cyanide, 300. 


Univalent radioalg, 141 


Terecamphene, 359. 


Tri-acetamide, 213. 


Unsaturated com- 






pounds, 228. 


Terpanee, 357. 


binol, 306. 


Uranin, 372. 


Terpenes, 355. 




Urea, 86, 218. 


Tertiary alcohoU, 126. 


thane, 364. 


aaita, 221. 


ammonia basea, 100. 


-brom-phenol. 306. 


Substituted, 221. 


butyl atooliol, 125. 


-carballyllc acid, 164. 


Ureids, 222. 




-chloracetic acid, 63. 


Urethanes, 206. 


373. 


-chloraldehyde, 54, 


Uric acid, 224. 


-chlor-methane, 


Trichlorhydrin, ISO. 


Uvitio acid, 270. 


29. 


Tri-chlor-methane, 28. 




-ethyl-ammonium hy- 


-chlor-propane, 150. 


V 


droxide, 98. 


-cyanhydrin, 154. 






-oyan-triamide, 210. 


Valeric acid, 130, 134. 


iodide, 98. 


-ethyl-amlne, 96. 


Valylene, 251, 


-ethy 1-phosphoni am 


Trih yd roxy-anthraquin- 


Vanillic acid, 344. 


hydroxide, 104. 


one, 413, 


Vanillin, 344, 


Tetrah y d ro-benzenes. 


-beniene, 313, 


Veratric acid, 311. 


275. 


-benzoic acids, 345. 


Veratrol. 311. 


isoquinoline, 406, 


-purin, 225, 


Verdigria, 60. 




Tri-keto-hexamethyl- 


Vinasse, 98, 198. 


-toluene, 276. 


ene, 315. 


Vinegar, 59. 
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Wine, spirit of, 39 

vinegar, 68. 

Wintergreeo oil, 3 

Wood Kum, 204. 

spirits, 3, 35. 



Xanthine, 225. 
Xantbogeaic acid, 1. 
Xanthone, 340. 
Xylenes, 255, 365. 
Xylidinea, 290. 
Xylite, 154. 






187. 



Yellow prusai ate of pot- 
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